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ABSTRACT 


This study evaluated the effects of four to six months bicycle 
ergometer training on coronary sinus blood flow (CSBF) and myocardial ox- 
ygen consumption (MVO.) in W patients with exertional angina pectoris 
and Peete acai ly documented coronary artery disease. CSBF was deter- 
mined by thermodilution before and after training, with the patient in 
the upright position under the following conditions: at rest, during 
exercise at an equivalent workload, during exercise at an equivalent heart 
rate and at symptom-limited exercise. lthough resting heart rate was 
Significantly lower (7849 vs 70+5 beats/min) after training, CSBF, MVO,, 
and the product (PRP) of mean brachial artery pressure times heart rate 
were unchanged. At an equivalent workload averaging 400 kgm/min heart 
rate (120+14 vs 103411 beats/min), CSBF (163436 vs 138+21 ml/min) and 


Dap y 1973 


RP X 10 ~ (15.2427 vs 12.3+2.6) were significantly lower after training. 


MYO, tended to be lower (20.14+5.2 vs 17.3+3.6 ml/min) but the difference 
was not significant (p<0.10). Arterial lactate and catecholamine concen- 
trations were significantly lowered after training at this given workload. 
After training, patients could perform an 18% greater workload for a sim- 
ilar heart rate (mean 114 beats/min). CSBF, MVO, and PRP were not sig- 
nificantly different despite this increase in absolute workload. However 
arterial lactate concentration was significantly lower after training 


(31.44+16.8 vs 24,.0413.9 mg%). Symptom-limited exercise capacity increased 


38% with training. Maximal values for CSBF (195+52 vs 205449 ml/min), 
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MV, (25-745.9 vs 26.5£4.9) and PRP xX ‘ton (16,723.53 vs 18.223.1) were 
not significantly different after training. From rest to maximum exer- 
cise level, as a group, patients were only able to double their maximum 
CSBF. Arterio-coronary sinus oxygen difference increased similarly before 
and after training (19% and 17% respectively). These increments were at- 
tributed to a displacement of the oxygen dissociation curve to the right, 
PRP was found to correlate better with CSBF before and after training 
(0.71 and 0.72 respectively) than indices which incorporate systolic 
ejection period per beat such as TTI and triple product. Heart rate was 
correlated differently with CSBF before training (r = 0.64) than after 
training (r = 0.83). The post-training increase of exercise tolerance 

in patients with angina pectoris is primarily due to a reduction of cor- 
onary blood flow requirement for a given workload. There is some indica- 


tion that certain patients may also be able to increase symptom-limited 


exercise tolerance by increasing CSBF and MVO,. 
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CHAPTER I 


INTRODUCTION 


There is a lower functional exercise capacity (FEC) associated 
with an impairment in the clinical functional status of patients with 
coronary artery disease (CAD) compared to normal subjects of similar age, 
sex and habitual physical activity pattern (14). Bruce et al. (15) have 
found that the FEC was 24% lower than normal in men with healed myocar- 
dial infarction without angina pectoris. On the other hand, they report 
a much larger reduction (41%) in men with exertional angina, with or 
without evidence of prior infarction. However, the same basic physiolo- 
gic problem was postulated in order to explain the lower FEC in both 
conditions; an imbalance between the myocardial oxygen supply and demand 


(109). 


Although the basic problem is the same the factors leading to 
a reduction of FEC in both cases are different. In CAD patients without 
exertional angina, the limited stroke volume (SV) at the higher workloads 
has been found to be the major limiting factor of FEC (16). A reduced 
myocardial contractility in the hypoxic myocardium and the extent of in- 
farcted myocardium could explain this decrease of SV. Furthermore, an 
other important factor might be a reduced maximal heart rate (HR). Bruce 
et al. (16) reported that reduced maximal HR was also a cardiovascular 
component associated with the lower FEC in this category of patients. 


However, with similar patients, Rousseau et al. (109) were unable to 
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observe a significant difference in maximal HR when their patients were 
compared to a control group. For CAD patients with angina pectoris, the 


main limiting factor is the low HR at which chest pain occurs (32). 


Saphenous vein aortocoronary bypass surgery has succeeded jin 
Significantly increasing myocardial perfusion (57). Following surgery, 
angina pectoris is improved or relieved in 70 to 90% of patients (71, 
129), exercise tolerance increased (2) and left ventricular function may 
be improved (11, 103). However, experience accumulated during the past 
five years indicates that the direct surgical approach has definite lim- 
icactens= (56,65, 66,,07,-122).. It ts estimated ‘that only 3 or 4 out of 
every 9 to 12 patients evaluated at coronary arteriography are candidates 
for aortocoronary bypass operations (122). Distal coronary artery ob- 
structions with poor run-off and non contracting ventricular segments are 
the major factors limiting the scope of surgical treatment (86, 87, 122). 
Furthermore some patients refuse surgery. Of prime importance is the 
long-term function of the grafts (3). At one to two years after surgery, 
graft occlusion rates are reported to be approximately 20 to 25% (58, 


85). Although surgical mortality is low, it is not negligible and intra- 


operative myocardial infarction is a problem of concern (58). 


Physical training programs (TRN) have been repeatedly shown 
to improve the exercise capacity of selected CAD patients (18, 19, 25, 
33, 34, 42, 46, 133, 135). With respect.to the training of angina pa- 
tients, Trap-Jensen and Clausen (133) found a two-fold increase in work 
time to angina threshold. Detry et al. (33) and Clausen and Trap-Jensen 
(19) demonstrated increases in symptom-limited maximal oxygen consumption 


(VO2.4) of 21 and 32% respectively. The majority of these investigations 
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Suggest that the benefits from TRN are the results of extracardiac ad- 
aptations (18, 19, 33, 135). Although the evidence is not conclusive, 
the available data strongly indicate that these functional improvements 
in angina patients with TRN are mainly due to reductions in myocardial 
oxygen consumptions (MYO.). These reductions are secondary to peri- 
Ppheral changes in skeletal muscles which tend to diminish the sympathetic 
circulatory stimulus with resultant decreases in HR and arterial blood 
pressure (BP) (18, 19, 33, 34). In addition, concomitant decreases in 
arterial BP and/or skeletal muscle vascular resistance would also tend 
to decrease MVO., by lowering the afterload (101, 133). Several studies 
at symptom-limited maximum workload indicate that increase exercise 
threshold for angina patients after TRN could also be partly due to an 
enhanced coronary blood flow (CBF) or MVO, (33, 34, 40, 99, 101, 117, 


$3131/1/33 }x 


There is evidence that exercise conditioning in rats increases 
their coronary vascularity (131), maximum CBF and MVO. (40, 117). Futher- 
more, Scheuer et al. (117) comparing the effects of increasing left atrial 
pressure on hearts of sedentary and conditioned animals in the working 
rat heart apparatus, demonstrated a greater increment of MVO,, in the 
trained group, and the difference observed was only achieved by the in- 
crease in CBF with no change in the extraction of oxygen across the myo- 
cardium. In human studies, evidence for an enhanced CBF following phys- 
ical conditioning may be implied from reported increases of 10% (133) 
and 23% (101) in the maximum exercise pressure-rate product (PRP), in- 
creases of 7% for maximum exercise HR (33) and significant increases of 


maximal exercise triple product (TP) at the onset of angina (40). 
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RATIONALE BEHIND THE STUDY 


Physical exercise is one of major stimuli to which the car- 
diovascular system is exposed. Pertinent hemodynamic data have been 
collected permitting a better understanding of the adaptations which 
take place during effort. Transition from rest to exercise is accom- 
panied by increments in HR, cardiac output (Qc), SV, systemic arterio- 
venous oxygen difference (a-V0.) ; oxygen consumption and by an important 
redistribution of blood toward active muscles (6). Faced with this 
higher and pressing demand of nutritive elements by skeletal muscles, 
the heart itself must be able to adapt in order to furnish its output 


and its own blood flow. 


It has been found that the increase in MVO., is not mainly de- 
termined by the external work of the heart but rather by the interplay 
of three major factors: the intra-myocardial tension, defined as the 
work performed by the contractile elements in stretching the elastic 
components, the contractile state of the myocardium which determines the 
velocity of the contraction, and the HR by which the effect is obvious 
Since it determines the frequency at which the myocardial wall contracts 
(13, 127, 128). There is a close relationship between the parameters of 
left ventricular function during exercise and the major determinants of 
MVO,. Therefore, the heart must necessarily adapt for an increased ven- 
tricular activity during exercise by raising its own oxygen consumption. 
The dependence on oxygen supply for this energy requirement is one of 
the major characteristics of that muscle since it can only develop a 


small oxygen debt (13). The obligatory aerobic nature of myocardial 


metabolism means that cardiac energy utilization is directly related to 
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MVO., (4, 5, 182)% 


However, direct assessment of MVO, in man has been difficult. 
Basically it requires a precise invasive technique in order to measure 
artery coronary sinus oxygen difference (art-cs0, ) and coronary sinus 
blood flow (CSBF). In an effort to circumvent this problem, inves- 
tigators have employed indirect indices of MVO,, derived from animal stud- 
jes. These indices are based on the factors which influence the intra- 
Mcea dial tension and are easily measured; the developed pressure, the 
HR and the ejection time (32). Among the most frequently used indices 
are: the tension time index (TTI), which is the product of the HR and 
the area under the systolic portion of the ventricular, aortic or 
brachial pressure curve (116), the PRP which is calculated from ventric- 
ular, aortic or brachial artery systolic peak pressure times HR (105), 
and the TP which adds the systolic ejection period per beat (SEP/beat) 
to the PRP (101). However, it should be noted that none of these indi- 


ces of MVO incorporates all the factors known to exert a significant 


2 
influence on MVO., (54). These indices ignore alterations in ventricular 
volume and inotropic state, both major determinants of MO, (101). 

Since these indices of MVO, of CSBF are reproducible in predicting angina 
threshold for a given individual, it is reasonable to postulate that the 
omitted factors are either constant and/or vary in the same direction as 
HR and arterial BP (4, 102). It is usually accepted that the contractile 
state closely follows variations in HR and that ventricular volume would 
not change appreciably throughout exercise except in severe dysfunction 
of the left ventricle. Furthermore the relationship for the TP has been 


found to be consistant and independant of variations in the type, inten- 


sity and duration of exercise (105). 
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The best index to predict MVO., during exercise seems to be 
the PRP. Recent studies show that the TTI and TP are less closely cor- 
related with MYO, than the PRP (68, 72, 82). The previously reported 
poor correlation of TII with MO, during mild, supine exercise in humans 
has also been found by Kitamura et al, (82) during upright bicycle exer- 
cise. In well-conditioned, young normal subjects, data were obtained at 
two or three levels of exercise. There was a lower correlation (r = 0.77) 
between TTI and MVO,, than for PRP (r = 0.90) and MVO,. The maintenance 
of tension may be a relatively minor determinant of MVO,, (13). In addi- 
tion, Holmberg et al. (68) have found a fourfold increase in MVO, from 
rest to heavy supine exercise with a parallel fourfold increase in the 
PRP. This same linear relationship has also been observed by Kitamura 
et al. (82) during upright bicycle exercise. In addition, in their ten 
patients without angiographically demonstrable CAD, the coefficient of 


correlation between MVO., and PRP was 0.88. Values for TTI were not re- 


ported. 


This close relationship between MVO,, and PRP is aiso observed 
when the PRP is altered by nitroglycerin or beta blockade. Redwood et 
al. (102) have found that in such conditions angina occurs at a higher 
intensity of exercise but PRP at angina is unaltered. Following aorto- 
coronary bypass surgery, no consistent change in TP has been found du- 
ring exercise at a given workload (101). However, the maximal TP is 
markedly increased after surgery if the grafts are patent (4). The 
heart is an aerobic organ. The increase in the MV, with exercise is 
met by a higher myocardial blood flow and oxygen extraction From the 
coronary arterial blood (90). A comparison of the relative contribution 


of the two factors indicates that an increase in CBF is the major mech- 
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anism. The myocardium can only slightly increase oxygen utilization 
due to the relatively high arterial and art-cs0q difference existing 
even at rest (37). Myocardial oxygen extraction during rest js ap- 
proximately 70 to 75%, exceeding that of all other organs (90). In 
summary, CBF follows MV, pari passu as demonstrated in animal (37) 


and human (68, 82, 88, 104, 124) studies. 


These results are in accordance with the hypothesis that in- 
direct indices must be increased or decreased after an intervention that 
is known to increase or decrease CBF respectively. No data are presently 
available on CSBF determined at sitting rest and at different intensities 
of upright exercise up to the threshold of angina in CAD patients. 
Neither has the rest ana exercise CSBF been determined before and after 


TRN, 
PURPOSE OF THE YSTUDY 


This study was designed to determine if CSBF and/or MYO, is 
modified by four to six months TRN in patients with angina pectoris 
and angiographically documented CAD. The experimental conditions for 


the determination of CSBF before and after TRN were: 


a) sitting rest 
b) an equivalent individual submaximal workload 
c) an equivalent individual submaximal HR 


d) symptom-limited exercise. 
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LIST OF SYMBOLS 


a-v0., 
art-cs0.: 
BPd 


BPm 


CAD 


MVO 


arterio-venous oxygen difference (m1/100 m1) 

arterial and coronary sinus oxygen difference (m1/100 m1) 
brachial artery diastolic pressure (mmHg) 

brachial artery mean pressure (mmHg) 

brachial artery systolic pressure (mmHq) 

coronary artery disease 

concentration of 0, estimated directly in brachial artery 
(m1/100 m1) 

concentration of C0, estimated directly in brachial artery 
(m1/100 m1) 

concentration of 05 estimated directly in the coronary sinus 
(m1/100 m1) 

concentration of C0, estimated directly in the coronary sinus 
(m1/100 m1) 

coronary blood flow 

coronary sinus blood flow (ml/min) 

mean coronary sinus pressure (mmHg) 

coronary vascular resistance (mmHg/m1/min) 

functional exercise capacity 

forced expiratory volume for one second (liter) 

heart rate (beats/min) 

hemoglobin (g/100 m1) 

hematocrit (%) 

lactates (mg/100 ml) 


myocardial oxygen consumption (ml/min) 
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partial pressure for 0, measured directly in brachial artery 
(mmHg) 

partial pressure for C0. measured directly in brachial artery 
(mmHg ) 

partial pressure for 0, measured directly in the coronary 
sinus (mmHg) 

partial pressure for 00., measured directly in the coronary 
Sinus (mmHg) 

pressure-rate product (units) 

cardiac output (liter/min) 

saturation of 09 estimated directly in brachial artery (%) 


saturation of 0, estimated directly in the coronary sinus (%) 


2 
systolic ejection period (sec) 

stroke volume (m1) 

physical training program 

triple product (units) 

tension time index (mmHg-sec/min) 

vital capacity (liter) 

maximal oxygen consumption (liter/min or ml/kg X min) 


symptom-limited maximal oxygen consumption (liter/min or 


ml/kg X min). 
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CHAPTER I] 


REVIEW OF LITERATURE 


This review will focus on one aspect of the rehabilitation 
of CAD patients, namely the TRN of patients with a previous myocardial 
infarction and/or exertional angina pectoris. TRN has been used for 
approximatively 10 years in the rehabilitation of CAD patients and the 
effects of such therapy will be compared to results of TRN in controlled 
animal studies and in healthy sedentary subjects. Comparison with ath- 
letes will be avoided since differences between athletes and nonathletes, 
are not entirely due to TRN but also to the genetic endowment of the ath- 
lete which is particular to the requisites of each sport. Furthermore, 
the distinction between constitutional dissimilarities and the effects 
of TRN are not amenable to definitive analysis (1). For these reasons, 
only longitudinal studies are reviewed in this chapter. However, one 
must keep in mind that the longitudinal approach does not resolve all 
problems; volunteers are often athletic and differ from randomly selected 
normal people and patients. The exercise program can affect other vari- 
ables such as body weight and smoking habits, and the results can be 


biased by dropouts (44). 


PHYSICAL TRAINING OF HEALTHY SEDENTARY SUBJECTS AND ANIMALS 


A) Candionespinatory effects 


4) Maximal oxygen uptake 
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The primary measure of the quality of the cardiorespiratory 
system is maximal oxygen consumption (VO, max) which depends on maximal 


Qc and the a- V0, difference of the body. VO, max reflects both the per- 


2 
formance of the heart as a pump, the capacity of blood flow distribution 
and skeletal muscle oxygen utilization (91). The maintenance of arterial 
oxygen tension during heavy exercise demonstrates that pulmonary factors, 
ventilatory or diffusion, do not limit oxygen transport in normal sub- 
jects (92). For young untrained men, the mean value is approximatively 
50 ml/kg X min, which diminishes with age to about 30 ml/kg X min at age 
70 (106). In addition to age, interindividual variations in V0, max are 


caused by sex (7), body size (92), habitual level of physical activity 


and a so-called ceiling effect or genetic potential (1, 75). 


As a general finding, longitudinal studies on sedentary young 
males and females (79, 111, 112) and sedentary middle-aged males and fe- 
males (60, 76, 79, 93, 94, 113, 123) have revealed that endurance-oriented 
TRN for several months increases v0, max. In young males, studied in 
Dallas, (93) V0, max increased from a value of 3.30 liter/min or 43 m1/ 
kg X min before TRN to 3.91 liter/min or 51 ml/kg X min after TRN repre- 
senting an increase of 19%. Saltin (111), in subjects of a similar age 
group (X = 21.6 years) found a 15.6% change in V0, max after TRN. An 
improvement of only 10.9% for V0. max was obtained in a group of twelve 
young healthy females (X = 23.7 years). In middle aged men, most studies 
(60, 63, 76, 94, 113, 123), have found an increase of V0. max between 15% 
to 20% independant of the duration of their TRN. In the two longitudinal 
studies of longer duration, Hanson et al. (60) found an 18% improvement 


and Kasch et al. (76) a 17% increment over a training period of 7-months 
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and 2-years respectively. An increase higher than 30% for VO5 max has 
been reported by Pollock et al. (100) after a 20-weeks training period. 
However, this result can be partly explained by the lower pre-training 
V0, as compared to other studies. In two groups of middle-age women, 
an increase of 13.2% of 0, max has been observed in the youngest 

(X = 44.0 years) compared to 9.3% for the other (X = 56.4 years) after 
TRN (79). 


Siegel et al. (123) postulated, in TRN of middle-aged men, 
that the number of sessions per week, the total duration of TRN, the 
effective duration of each session and tne intensity of exercise influence 
the degree of improvement. Although the relative contribution of these 
components is still unclear, it can explain the lower relative improve- 
ment in increase for VO, max in females of different age after TRN. 
Roskamm (107) mentions that sex does not appear to influence the result 
of TRN and, as stated above, the smaller improvement noted in women by 
Kiblom (79) is probably due to the less intensive TRN. It is of interest 
to note, that most TRN designed for men included periods at the maximal 
exercise level compared to the overall submaximal intensity used by 


Kiblom in women. 


However, despite their relatively lower initial values, 
middle-aged men appear to be less trainable than younger subjects. Al- 
though the same relative increase in 10. max was found in different age 
groups, as stated previously, improvement by older subjects tends to be 
less when their low V0, max at the onset of training is taken into account. 
Saltin et al. (113) explain this less marked improvement in absolute terms 


by the ageing process rather than differences in amount of training done 
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by each age groups. Therefore, they emphasize that even if a middle- 
aged person has been sedentary during most of his life, he has the same 


relative ability as younger subjects to improve his v0, Maa leisye 


The increase in pulmonary ventilation is proportional to 
thet an V0, max, and since arterial blood gas studies indicate that ven- 
tilation and diffusion do not limit maximal performance under normal 
conditions , the increase in V0, max with TRN is due to changes in its 
hemodynamic determinants and skeletal muscle cellular adaptation (32). 
The results of the few studies including hemodynamic data at the maximal 
exercise level show that the increased V0, max after TRN in the young 
eos ecis (107, blac 112, 137) is related to both an increase an Oc and in 
a-V0., difference. In the older subjects (61) it was related only to an 
increased Qc Since the a-V0,, difference was unchanged. Since in each 
case, the maximal HR was not increased but slightly reduced, the increased 
Oc results from an increase in SV. The reason why the maximal a-V0, di f- 
ference is not modified with TRN in middle-aged men is unknown(32). Data 
obtained in young and older women show that the increase in V0. max re- 
sults from a greater maximal Qc (80). However, because of the less in- 
tense TRN followed by women, the lack of increase in maximal a-V0, dif- 
ference with TRN in the young women might be simply due to the lower 


intensity of the TRN or/and less cellular adaptation. 


A potential factor which could lead to an increased SV is an 
increase in heart volume. Astrand et al. (7) have found that a fairly 
good relationship exists in young adults between heart volume in supine 
position and the highest observed SV during exercise. However, one can 


find studies where increased maximal SV after TRN was associated with a 
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larger heart volume (112, 114), while in other studies the heart volume 
did not change or even significantly decreased after TRN (79, 108, 123). 
A larger heart volume after TRN has only been observed in young healthy 
subjects. In any case, it is clear that the SV can increase after TRN 
without any change in the resting heart volume. At this time, it is not 
possible to completely describe the mechanism responsible for the in- 
crease in SV (32). Therefore, in middle-aged men the SV increase is lar- 
ger than can be expected from the heart volume enlargement, suggesting 
possible improvement in myocardial contractility (1). Although no 
definite explanation can be given for the reduced resistance in trained 
muscles during maximal exercise, Clausen (20) postulated that the in- 
crease in Oc maximum following TRN results from a decrease in total pe- 
ripheral resistance. This implies that the increase tn SV is a second- 


ary event, due to the fact that Oc is greater at any HR after TRN. 


The data collected in young sedentary subjects clearly indi- 
cate, however, that TRN can also increase the maximal a-V0,, difference. 
Since a greater redistribution of the maximal Qc can account for only a 
smal] fraction of this widened maximal a-V0, difference, increased oxy- 
gen extraction capacity of the working muscles must be postulated (32). 
This higher oxygen extraction after TRN might by directly related to en- 
zymatic changes in the skeletal working muscles (64). In fact, Holloszy 
(65) has shown that the mitochondrial fraction taken from the gastronemius 
muscle of trained rat displayed a two fold increase in the ability to 
oxidize pyruvate. Furthermore, increased oxygen extraction capacity of 
skeletal muscle after TRN might also be improved by an increase in the 


number and size of mitochondria (55). 
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At) Response to submaximal exercise 

At a given submaximal exercise level, V0, 1s either unchanged 
or slightly lower after TRN while the ventilation is usually decreased 
(32). In the presence of the same V0, for similar submaximal workloads 
post-TRN, total body mechanical efficiency remains unchanged (44). How- 
ever, dramatic changes have been observed in hemodynamic determinants 
of V0, so that a greater amount of external work can be performed at the 
Same relative submaxima | V0, after TRN. TRN constantly reduces the HR 
at rest and at submaximal exercise levels (39, 47, 61, 113, 114). On 
the other hand, the effects of TRN on Oc are unclear. Where submaximal 
v0, is constant, the lower HR was balanced by a higher submaximal SV and 
the Oc remained constant (47, 61, 112, 114). However, others have re- 
ported a slightly reduced Qc during submaximal work which was compensated 


by a widened a-v0, difference (36, 39, 60). Saltin (112) pointed out 


2 
that the lower submaximal Oc js not the most common finding in healthy 
subjects, and Detry (32) has made the observation that this result was 
not generally seen in sedentary subject but rather in well trained sub- 
jects studies before and after training season. Also, the effects of 
TRN on systemic arterial BP are not clear. Only small changes in the 
arterial BP are observed with TRN in young subjects (39, 61, 114). The 
common finding is that the brachial artery pressure is related to the 

HR at rest and during exercise, both before and after TRN (93). Adam 

et al. (1) pointed out that a slight reduction in arterial BP in middle- 
aged men with significant reduction in HR and little change in Oc in 
trainees at the same submaximal workloads. Reduced pressure must indi- 


cate that the contractile work of the left ventricle declines slightly. 
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In addition it must be postulated from submaximal results 
that peripheral adaptations to acute exercise Secondary to TRN are im- 
portant. Two major findings support this view. First of all, lactic 
acid (LA) concentration has been found to be constantly decreased in 
nealthy young individuals, middle-aged men and coronary patients after 
TRN during submaximal exercise in spite of an unchanged or decreased Oc 
(44). Secondly, the distribution of the Oc at a given submaximal exer- 
cise level is probably modified. Recent studies have shown that at 
identical submaximal work intensities, the increase in working muscle 
perfusion is less pronounced and the flow to other tissues is less re- 
duced in conditioned normal people and in CAD trainees (21, 130, 136). 
The lower level of blood LA in submaximal work may be due to an increased 
activation of red muscle fibers with a more efficient energy yield from 
aerobic processes (113). Lower muscle blood flow at the same submaximal 
workloads after TRN has also been explained by the considerably enhanced 
oxydative metabolic capacity in a trained muscle (47). Recent evidence 
showing increased activity of the skeletal muscle oxydative enzymes and 
an increase in the size and number of the muscle mitochondria after TRN 


(55, 64, 65) suggest that such a mechanism is operative. 


This peripheral response to TRN is also important for two 
others reasons. For one, exercise testing using large trained muscle 
groups is an important prerequisite in order to observe significant 
training bradycardia. In two groups of young healthy subjects who per- 
formed arm training and leg training, respectively, Clausen et al. (22) 
found that arm training caused a pronounced reduction in HR during arm 
exercise, whereas only a small reduction was seen during exercise per- 


formed with non-trained leg muscles. Therefore, at the two submaximal! 
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workloads which were chosen to give the same HR before TRN (i.e. 130 and 
170 beats/min) during both lea and arm exercises, leg training reduced 
HR almost equally during leg exercise and arm exercises. Ina previous 
study (23) it was reported that TRN performed with the legs did not re- 
duce the group mean HR during arm work. However in two of eight sub- 
jects TRN of the leg muscles caused HR reduction during leg as well as 
arm work. This contradiction may be explained by fewer subjects and a 
less strenuous TRN (22). Clausen et al. (22) conclude from their re- 
Sults, that in addition to central circulatory changes there are alter- 
ations in the trained muscles that contribute to the training bradycar- 
dia. The other important point deals with Oc and its distribution which 


was unchanged in leg exercise with arm training and vice-versa (22). 


B) Cardiac function and metabolism 

Exercise training causes improved mechanical and metabolic 
performance of the rat heart. It has been demonstrated that hearts from 
conditioned rats have increased glycogen levels which can be mobilized 
but no changes were found in high-energy phosphate stores (118). Further- 
more, the effect of increasing flow on left ventricular work, mean inte- 
grated left ventricular systolic pressure, VO, LA production, and effi- 
ciency have been studied on hearts of sedentary and conditioned animals 
in the working rat apparatus (99). The hearts from conditioned rats 
showed a greater response in left ventricular work and mean integrated 
left ventricular systolic pressure as filling pressure was increased. It 
was also found that the maximal rate of left ventricular pressure rise 
was higher at each level of filling pressure. In the light of these 
findings these authors suggest an increase in the contractile state of 


the left ventricle of the trained rats, which may be due to an alteration 
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in the contractile proteins in the trained ventricles since cardiac acto- 


myosin ATPase activities was increased (10), 


The hearts from the trained rats also demonstrate a higher 
MVO,, and a lower LA production than hearts from the sedentary rats with 
Similar increments of atrial pressure. In addition, it was found that 
the increase in MVO,, in the trained rats was due to an increase in CBF 
with no significant change in art-cs0. difference; whereas, in the sed- 
entary rats it was due to an increase in art-cs0., difference with no sig- 


nificant change in CBF (117). 


The response to hypoxia of hearts from sedentary and trained 
rats has also been studied (119). The hearts from trained rats maintained 
a higher left ventricular work and mean integrated left ventricular sys- 
tolic pressure during hypoxia. However, during hypoxia, MVO., and LA pro- 
duction were similar. Cardiac efficiency was twice as high during hypoxia 
in hearts of trained rats than in sedentary rats. Thus hearts of trained 
rats appear to be relatively more resistant to hypoxia, due to a more 
efficient mechanism of energy utilization. Similar data are not present- 


ly available on humans. 


C) Catecholamines 


Training may also affect catecholamine levels in the heart 
and in the adrenal glands, and the output of catecholamines in response 
to physical exercise. It has been shown in rats that TRN causes a sig- 
nificant decrease in total heart catecholamine content (31). Another 
study in rats showed that the norepinephrine content in the heart was 


lower in trained versus untrained rats, while the epinephrine content 
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in the adrenals is higher in trained rats (98). In man, the decreased 

HR at a submaximal workload has been shown to be due to a decreased car- 
diac sympathetic activity. With this respect the plasma level of nor- 
epinephrine, as an index of adrenergic activity during exercise, has 

been shown to increase during exercise in proportion to the relative 
workload (59). One of the principal sources of this norepinephrine ap- 
pears to be in the accelerans fibers to the heart (134). Since after 
TRN, a given submaximal Nov eed becomes a smaller relative workload, 

the level of cardiac sympathetic activity is decreased. In two recent 
Studies, the effects of short term exercise training on plasma catecho- 
lamine levels done in normal subjects (134) and CAD patients (139) have 
focussed on two interesting points. Tne reduction of norepinephrine 
after TRN was best correlated with the concomitant reduction in HR. As 
the decrement in norepinephrine levels after TRN was significantly more 
pronounced during work performed with the trained muscle group, the con- 
clusion was that local factors within the trained muscles as well as 
central factors (in the central nervous system and/or in the myocardium) 
were responsible for the significant decrement in arterial norepinephrine 
levels seen during exercise after TRN (134). In addition, Wolfson et al. 
(139) made the observation that decreased sympathetic activity in trained 


CAD patients seems unrelated to exercise tolerance. 


PHYSICAL TRAINING IN THE THERAPY OF CORONARY ARTERY DISEASE 


A) Canrndionespinatory effects 
Increases in the FEC or V0. max of asymptomatic patients (24, 
a7.oe335 4g WeorithewW0. ' of patients with angina pectoris (19, 33, 
S 


46, 101, 109, 110) is well documented. However improvement in VOo 
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seen in angina patients appears to be more impressive than the increment 
observed in V0, max for patients without angina after TRN. In a study 


by Detry et al (33) VO was obtained in six patients with angina and six 


25] 
with prior myocardial infarction but without angina. In the patients 
with angina ae increased 30% from 19 ml/kg X min before TRN to 24 ml/ 
kg X min after TRN. In the patients without angina V0. max increased 18% 
from 27 ml/kg X min to 32 ml/kg X min. As in healthy subjects, the most 
important increases were in patients who had the lowest pre training V0, 


max or VO, 
S| 


According to Detry (32), increased oe of angina patients 
after TRN results from the decreased HR, arterial BP and thus myocardial 
oxygen requirements during exercise; the workload precipitating tne an- 
ginal pain before TRN is indeed performed after TRN with lower MVO., and 
the anginal pain does not appear at this level of exercise. The hemo- 
dynamic mechanisms underlying the increase of V0, max in patients with- 
out angina of effort is less clear. A cross-selectional study done by 
Rousseau et al. (109) report that the higher V0, max of trained patients 
with healed myocardial infarction resulted almost exclusively from a 
Greater maximal a-V0., difference. There is prasently no satisfactory 


explanation for this result in such patients (109). 


B) Response to submaximal exenctse 
i) Heart nate, cardiac output and arteriovenous oxygen difference 
It has been shown in several investigations (19, 24, 33, 46, 
110) that the HR at a given submaximal workload, as seen in healthy sub- 
jects, is consistantly reduced after TRN in CAD patients. Frequently 


accompanying this lower HR is a reduced systemic arteriah BPA sas) . 
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As HR and arterial BP are important determinants of MYO. it is postu- 
lated that a CAD patient will perform a given submaximal exercise with a 


presumably lower MVO,. 


More controversial results are presently available concerning 
other hemodynamic responses accompanying the lower HR after TRN in these 
CAD patients. According to some authors, the lower post-training HR is 


compensated by an increase in the SV with an unchanged Oc and a-v0., dif- 


2 
ference during submaximal exercise loads after TRN (24, 46, 48, 110); 
others found a decreased Oc attended by an increased a-V0. difference 
during same submaximal workloads after TRN (33, 109, 125). The relative 
importance of central and peripheral circulatory cnanges for the improved 
performance after exercise training is still debated. Frick et al. (48) 


State that the finding of unchanged a-v0, difference during exercise 


2 
after TRN reflects enhanced SV due to improve contractility and muscular 
hypertrophy. On the other hand, Clausen and Trap-Jensen (19) state that 
the reduction in Qc for a given submaximal V0, after TRN to be due to 


improvement of the peripheral oxygen extraction; the decreased Qc being 


secondary to the improved peripheral utilization of oxygen. 


The osaninees of these controversial results is not yet 
satisfactory, but a large part of the contradictions could be explained 
by factors related to the experimental procedures and/or selection of pa- 
tients. At first examination of experimental procedures, major differ- 
ences can be detected in the supine position used by Frick et al. (46, 48) 
versus the upright position mentioned in other studies; and in the time 
interval between the acute myocardial infarction and the onset of TRN, 


wha chawasemuchs smaller incthe.studieseby) frick) etnal.. (465,48) ..Gauthier 
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(52) found no difference in hemodynamic responses between Supine exer- 
cise and upright bicycle exercise at the same submaximal workloads be- 
fore and after TRN in CAD patients. The changes observed in Oc, SV and 
a-V0., difference were of the same order and direction. However, it seems 
that the time interval between the myocardial infarction and the onset 

of training is important since the increase in submaximal SV with training 
In early post-myocardial infarct period is. largely nonspecific and cor- 
responds mostly to the natural evolution of the cardiac function during 


the first months after myocardial infarction (110). 


In addition to tne delay between the myocardial infarction 
and the onset of training, it seems that both age and the question of 
whether or not angina pectoris is present are of importance for the ef- 
fect of training. Bjernulf (12) found an increase in SV only in the 
younger age group (<55 years) of trained patients. This SV increase 
during submaximal exercise after TRN was still more pronounced in the 
younger patients without angina of effort. Therefore, he pointed out 
the possibility that these observations might only reflect the lower 
training intensity in the older patients and those with angina pectoris. 
However, it seems possible that TRN produces the central type of effect 
in some patients with CAD and the peripheral type in others, and this 


could be a function of the severity of the disease (12). 


4A) Distribution of cardiac output 
The distribution of the submaximal Qc after TRN is pratically 
the same as was observed in healthy subjects. It has been demonstrated 
that at a given level of submaximal exercise, the estimated splanchnic 


blood flow was higher and the submaximal muscle blood flow lower after 
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TRN in CAD patients (19). Considering that the mechanical efficiency 
has not changed after TRN, higher oxygen extraction capacity of the 


working muscle must have contributed to the same submaximal VO. after 


Z 
TRN. The mechanism underlying this adaptation is probably based on an 
increased enzymatic activity of the muscles as observed jn healthy sub- 
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C) St-segment depression 

The magnitude of St-segment depression is generally regarded 
as reflecting the degree of myocardial ischemia. In this respect, it is 
not surprising that investigators have been interested in studying the 
relationship of St-segment depression to either a given level of submaxi- 
mal exercise (34, 109) or the same submaximal HR (27, 78), PRP (34) or 
TP (101) at the onset of angina, before and after TRN. It is a well rec- 
ognized fact that the magnitude of the St-segment depression at the same 
Submaximal workloads is decreased after TRN (34, 109). This is probably 
attended by a lesser metabolic demand on the heart. However, at the same 
HR values before and after TRN conflicting results have been observed. 
Costill et al. (27) found that the St-segment depression occured at the 
same HR both before and after TRN, but Kavanagh et al. (78) and Kasch and 
Boyer (77) have observed in some CAD patients after TRN of longer dura- 


tion, less St-segment depression at a specified exercise HR. 


At the onset of angina, Detry and Bruce (34) found that TRN 
altered the relationship between angina and St-segment depression as ma- 
nifestations of myocardial hypoxia during exercise. Exertional angina 
occurred at a higher PRP after TRN but developed St-segment depression 


at the same PRP as before TRN. On the other hand, Redwood et al. (101) 
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found higher TP values at the onset of angina, and in none of the three 
patients in whom St-segment changes developed during exercise did the 
degree of St-segment depression at the onset of angina after TRN exceed 


that observed at the onset of angina before TRN. 


D) Coronary collaterals 

An hypothesis that collateral circulation could be enhanced 
by exercise in man with partially obstructed coronary arteries was sug- 
gested by Eckstein (38) who showed that TRN induced coronary collateral 
circulation in dogs with prior partial ligation of the circumflex arte- 
ries. However, Kaplinsky et al. (74) could not demonstrate a similar 
training effect in dogs where the anterior descending was completely ob- 
Structed, They observed collateral vessels development in both trained 
and controlled dogs. In man, the presence of collaterals has been shown 
to correlate with the severity of coronary obstructive disease and that 
collaterals have not been demonstrated cinearteriographically in patients 
without CAD or in those with less than 50% reduction in lumen (84). The 
development or addition of new collaterals after training in man does 
not receive support from recent studies (26, 43). Ferguson et al. (43) 
studied 14 patients with significant obstructions (50% or greater) in one, 
two or three coronary arteries who exercised three times a week for 13 
months. The appearance of new collateral vessels after TRN in only two 
patients was related to existing lesions progressing to complete occlu- 
sion. This is in agreement with Conner et al. (26) who indicated, from 
repeat arteriographic evaluations, that collateral vessels developed 
only with an increase in severity of the local disease. However, one can 


question the validity of the angiographic technique which can visualize 
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tne coronary network only in the resting condition where the threshold 
stimulation for opening collaterals is perhaps too low. In addition, it 
cannot be ruled out that CBF through existing collaterals may be increas- 


ed since flow is not measured by the coronary angiographic tecnnique. 


E} Coronary blood flow and myocardial oxygen consumotion 
4) Measurement of myocardial blood slow 

Although appreciable progress has been realized during past 
years, the measure of coronary blood flow in human still remains very 
difficult. In general, methods can be subdivided in two groups: those 
requiring coronary sinus or coronary artery catheterization and others 
where cardiac catheterization is not necessary. In the first category 
the major difference when coronary sinus instead of coronary artery ca- 
theterization is done is the use of venous sampling techniques compared 
to precordial counting techniques. Another distinction between these 
techniques is the nature of tracer used. Tracers most often employed are 
nitrous oxide, kripton, Xenon, hydrogen, helium and argon. In addition 
regarding precordial counting techniques a radioactive tracer must be 
used. In the second group of methods, the principle lays in the notion 
of myocardial clearance elaborated by Sapirstein (115). The indicator 


is an isotopic tracer quantitated following intravenous administration 


by external count at a precordial level. 


In spite of their respective advantages, all these methods 
present multiple disadvantages. They do not permit serial determinations 
and the detection of rapid variations of coronary flow. Since the indi- 
cator used is not entirely atoxic there may be a limitation as to number 


of determinations possible (83). Most of these methods have not been 
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Validated against an independant standard such as right heart bypass 
and in addition this validation when myocardial flow is abnormally hete- 
rogeneous as for instance in CAD patients is almost inexistant. Except 


for the venous sampling tecnniques MvO, cannot be derived. 


Beside these techniques, the principle of thermodilution with 
catheterization of the coronary sinus has been successfully employed to 
determine CSBF. This method derives from that described by Fegler (41). 
Basically, it requires continuous injection of a thermal indicator at 
constant speed. Numerous advantages are associated to this tecnnique. 
According to Ganz (50), this method permits measurements to be repeated 
in short intervals since the body acts as a large sink and rapid changes 
in coronary circulation can be studied. The blood flow of the coronary 
Sinus so measured is expressed in ml/min instead per 100 grams of myo- 
cardium. Although right heart catheterization might be a disadvantage, 
the possibility of sampling coronary venous blood is important if one is 
interested in data regarding myocardial metabolism. Finally, the equip- 
ment is inexpensive and simple. The only limitation of importance is 
related to the precise position of the catheter within the coronary sinus. 
As carefully pointed out by Klocke (83) misleading changes in flow can 
occur if catheter position within the coronary sinus changes, eitner in 
response to an intervention or as a result of catheter softening. Ganz 
(51) has presented data validating the accuracy of the thermodilution 
method in model experiments and in vivo studies in the canine jugular 
vein and coronary sinus. A good reproducibility of measurement in man 


(4,0+2.4%) has been found with 20 patients when CSBF were performed 


within three minutes at rest. 


Loeeganees eee NR eR Gene eat a cals Mega ND, He 


rh, oot Soh TRebnee etwas renee “nett. nabibi sy ee 
IT 3 F FHESE VOR! +20] Bi < ° Bas Rae mi his sonnet see 
hoy Fath ad POKES | ce dadlpdniinad: ies 


Jf 


24 x . s ; a } ie 5 ' 
myryw ne) Toe bone OORT ND ASN e. siGeey aha ae 


~. Des) reat mm. \ | Toes yO So SBh eer “ .2 seine aay 


LAT: ian Wes = 


tie “ds | is) y lye 4 penne + ay er? eect 4 bantea): ayer» — 
5 io WatSHEANY | 12 (ar *oeeer u2uCEn oe Aviad ws 


a? 


. 
% 
: 
AD 
a 
y 
# 
; 
, 


’ au : . Pik +3 (9 J o Ls , J 2 AEs f PA tgs ue emi lial 
{ « ot ) ais * wo 
pre ae os viene "ring 5 ie ae 
; : ; 
een gs , ap ce he Ves ee Bente 
iieunn) ang Pes ; ts ~F4 Zi 17 By: ja) ve ce Ve, ‘ not j wants ‘9 
ar ps tzi yt i a 


me 2 ow % vba : 2 “ TH * ra ne fot § ‘ oe Mea BY eA ed vay “fi ia sea 
BF Sie : j meth PLcat ell e! oy + P TAC ea {eApnG 1 one rete. 4D vn 


" 


dFens ody sy (fenht: ter todelgon Tore Mh Orage ate i 


Call 
2 ws 


. Se bs MR Ae a Co | | rr bt aetna : 

as | eae 
j : ' . eo ce , f fala ive, : y, a U a [ 
: ire Viasetge Bd oi" he “esaldee sd So nodD reg ; ST eae 1S Oe OMe 
; : i 


| My, WO>" nt) sowie t CAMS ra +5 ah wpa 48 nis! iyisils 


Ma yh - ° j . ‘ ye. : ; : em 1 5 v2 
od) 0 sheaabte, ppanknit Zante Videetas Jue Arie ty. wb Cra Sein ie 


Thy, us fee ; 
> ’ q i i 


NA Fadia seihnes ter Nagetsen, “o.thigay 2° F6, Ws, (algnsy tae 
se i J ' ae rw Aen ae : i 
‘o) : . : 


7 =‘. , = a 
ye shea Jehieoumart> e897. Jo yassuaeA arts RH SiN ey: ae ile sea 
- 7 : = ¥ 
_ : “ 
hae : “hang SESS BRA yi, Ber ROLE awl Aston =. ethan? Sree 


at id ila tial be sa tfaiiou¥ey¢ a nee + xn AG 


wee 


4i) Response to exercise training 

There is only indirect evidence that the maximal CBF and/or 
MVO, during upright exercise is increased following TRN in man. This 
piece of evidence refers to the maximum PRP (124, 133) and TP (40, 101) 
during upright exercise that has been shown to increase in patients with 
angina pectoris following TRN. Sim and Neill (124) have reported no 
change with TRN for the myocardial LA production at the angina threshold 
during step-wise atrial pacing. In addition, the MVO., and CBF were un- 
changed at a paced HR ten beats below the angina threshold (124). There- 
fore, a significant higher PRP evaluated during upright exercise position 
at the onset of angina after TRN was interpreted to indicate that TRN 
exerted a specific effect and did not carry over to a different stress 


such as pacing-induced tachycardia (124). 


In order to explain this higher maximum PRP after TRN observed 
during exercise, these authors suggest that a change in the myocardial 
contractile state, operative only in exercise but not atrial pacing, 
would have changed the relationship between MVO, and PRP (124). This is 
yet to be proved since PRP determined with an intra-arterial catheter 
during submaximal upright bicycle exercise has been found to correlate 
highly with MVvO, under normal conditions (82) and following changes in 
contractility secondary to Propranolol (72). Clausen (20) has proposed 
two explanations why angina is provoked at a higher product of HR and 
arterial BP after TRN. First of all a decrease of one or more of the 
other determinants of MVO. allows higher values for PRP to be achieved 
at the same MVO.. Secondly, there is a higher maximum MVO, due to im- 


prove 05 supply to the region of the myocardium from which ischemic 
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pain is provoked. According to Detry (34) these findings of higher PRP, 
TTI or TP at the onset of angina after TRN are difficult to interpret, 
since the electrocardiographic data after TRN do not suggest an improved 
oxygen supply to the myocardium. Hellerstein (62) has pointed out that 
psychological changes induced by TRN could also play a role by modifying 


the threshold of pain perception. 


In respect to elucidate the significance of the higner PRP at 
the onset of angina after TRN, it is important to study the relationship 
between submaximal and maximal PRP and CSBF and/or MVO, while the patient 
is exercising, since the adaptation seems to be restricted to exercise 


(124). 
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CHAPTER IIT 


METHODOLOGY 


PAT LENE SS SELECT ION 


Fourteen male patients not accepted for or refusing coronary 
artery surgery were selected for this study according to the following 
criteria: a) history of disabling but stable angina pectoris, b) an- 
gina pectoris during upright exercise, c) significant obstruction (270%) 
of one or more major vessel at selective coronary arteriography, d) ade- 
quate left ventricular function at rest with left ventricular end- 
diastolic pressure <15 mmHg and ejection fraction 30.50, e) willingness 
to participate in the TRN and test procedures, and f) no other disabil- 
ity incompatible with exercise training. One patient, after the pre- 
TRN test procedures, decided to withdraw from the study at the beginning 
of TRN for personal reasons. The clinical and angiographic character- 
istics of the fourteen patients selected are presented in Table 1. The 
mean age was 46 years (range: 33-58). Four patients had slight ventric- 
ular dyskinesis at ventricular angiography and five had a prior myo- 
cardial infarction. All had abnormal St-segment depression on a multi- 
stage treadmil] test which was terminated by chest pain. Two patients 
were receiving antihypertensive treatment. All patients were in sinus 
rhythm, and no patient had signs or symptoms of left ventricular fail- 


ure. Two patients had triple, seven double, and five single coronary 


vessel obstruction (370%). 


29 


Bt. Pay ead 


=" . —" Awe 
“aw oe VOM 


ahr ob wheyerewi | hadi 


~JPIZ09¥ 


Ti nano “dam, YOtIe' Ss bet ae? bag qygere tone velar By Se ats 


a 


ae Aircel Wt eles 


eipetye Wire's 
Ate ee ‘one canistz69 Mh 
U topical stat a0 


< 


Pi a 


a 


580 .".9 dais sevisi dg 

Oy wars 
tis HEE ha a 
att eli od sbbde 


speriie Sar ‘2 ert ao nigh 


b insitpae- ~iR autitrand6. bas re 


Aa prs a ptsn tans teny ttaiw: See ‘pttab 


Bleniz oy ht Ole 


oa | 
YS OYDGCHTIM » = 


j ey | 
AOITOaeS ’ 


ii au 
~o * 


RES, i arate #099 oe 
4 a3 At poate anew cae 
fae Te ag seveteae “4 


ie. oiti 


te Vo Mow ait we 
6% Sicha Cian an 10% . 
poet Py aMy vata sa cial | 
obras brie eta 2S shen. 
sag a ae fo 
i “i aay 
iw’ oy. Wate sal, een eee: 

srs Riis 
ssaedan shah 9 
“ee: ant) eisey, ob 2 


‘ 


Dg Leg ay: ‘bas an 


‘wher a 


iT 


i 
Bynes aby avi crednequnt ina wee 
r vy! 


eiiphani?, pevesgie bas de nh nie 
= Iaido’ sae; nae ant ber ania 
ee 


ce a hadie: 


iP at an 


Ys) wats 
Per ae 


: so a 


30 


58 
QOL 
001 


ave 


08 
0S 
OOL 
O01 
06 
O01 
G6 
98 
OOL 
O01 


Ju 


OL 


06 


GL 
09 


ae 
oF 


a4 


Asazue AACUOUGD YUHLU = 


06 


06 
G6 
001 
OOL 


gy 


YOSGE aseasip Aureuouoy 


| PUUOU 

| PUUOU 
SLSGULYOdAY 

| PUA OU 
SLSOULYORAY 
StSauLyodAY 

| PLLAOU 
SLSOaULYOdAY 

| PWUOU 

| PLUAOU 

| PUUOU 

| PLULAOU 

| WAOU 

| PWUOU 


uoLqQoUN4 
AeLNdLuqUap 


OZL/291 
08/2rl 
OOL/2Sk 
9//821 
OL/v2l 
9L/2EL 
06/VEL 
08/evl 
08/021 
OOL/2vl 
OL/0LL 
06/21 
O€L/06 1. 
2L/2esl 


( B Huw ) 
dd 


WO Oo 
Ge) 


ony) gly Wey Urs sey ACS) They SS) Gap Ken) 
CD 90) 


S&S 


ea 


( oul) 


eutbuy 


= 


IW 
Gita 


IT 
II 
pt 
Il 
I 
I] 
Il 
I] 
Pi 
1G! 
I] 
I] 
I 
I{l 


o4 


0°18 
0°69 
0°99 
0°99 
0° 8S 
es 
7°28 
Ea He, 
Lae 
§ 99 
0°6L 
OF -92 
vy OL 
ae) 


(54) 
aM 


Jy tAuaque AYeUOUOD XBL JUINOULD BJO] = 97 fAuaque 
AARuUOAOD HuLpusosap UOluazue = Gy Saunssaud poo[q Huiqsau = gg fuOLPOUeJUL LeLPURdOAW 


= IW 


891 
LZL 
LOL 
891 
é9l 
CLL 
BLL 
vLl 
Shei 
Sil, 
Lil 
pOl 
bol 
OLL 


(wd ) 
4H 


:SUOLZRLAIUGGY 


oP 
Ot 
OG 
bY 
Ov 
cc 
she 
EG 
as 
6€ 
OS 
OS 
cs 
OV 


(44) 
aby 


UOLZdLUDSap JUIALZed 


g9 
NA 
Su 
Ds) 
v1 
=| 
a 
“a 
TA 
Jd 
Ad 
GH 
cm 
he) 


quaired 


Ore esha 


, ~~ Ss : a ae eh, 


sp blgd ca be Rhee ee 2a Sb. ae 


pang S| a, ae) El gatiswwereian “CASE «Ss ~ + [ 0 BE cor Ath 
. : 7 ay "ts | Waive tes ~ VW aT ‘3 | TEs Oder eae fis ar 
ee ae “SE | PE 2arirtagen Ge" ats me i 13a ae 
<a eS Bion Mer a i edo, Fk 


ef > ‘14 An Egat gs eas ‘ ; C r f ‘ ; } hy hh Fal Ah / 


~« 


» ——— NES ¥ - ie 7 - ee ——= —— ——— — —ieeny ae Sh 
= 7 a . ; “ é _ aes 7 ~~ a _ : , 
yes). ont o> Shing tHe « “CAo sSu2lend fooled. paftes r= SE nok ieee TEE ee enor se BE Si 
PESHOVED Onrhhesese alesse (oem ears | 4, Me Agee the omy ee 
jn = reel ie a ¥ té Th +e ? + : - if oni vy +O id Th i ee LF ~2 Py - 7 


S 
=o e 
‘ = : 
of ; i . ; - 
“= * 
“z= : 
> ~ . 
De 2? ei ; 
“ > - 
re, e 
7. 1 
aS rad bd 
=6 = —_ 7 
P-GP - 
; — 
9 : ~ 
— x 


All were being treated on an out-patient basis and as volun- 
teers were asked to participate in the study. Informed consent (Appendix 
A) was obtained after the purpose of the study, testing manipulations to 
be performed and associated risk were fully explained. Patients were 
also free to drop out of the study at any point. Lastly, all patients 
had sedentary habits, with the absence of intense physical activity dur- 


ing the last ten years. 
EXPERIMENTAL DESIGN 


Hemodynamic data were collected during four specific condi- 
tions before and after TRN: during sitting rest, at an equivalent sub- 
maximal workload, at an equivalent submaximal HR and at symptom-1limited 
exercise (exertional angina or exhaustion). Before TRN the two sub- 
maximal levels were arbitrarily chosen according to the HR obtained from 
a previous multi-stage bicycle ergometer test. The first and second 
level of submaximal exercise were individually adjusted to produce a HR 
of approximately 15 and 5 beats respectively below the predetermined 
symptom-limited exercise HR. After TRN the submaximal levels were per- 
formed such that the first workload was identical to the second level 
pre-TRN. The second workload post TRN was chosen to produce the same HR 


as the second level pre-TRN. 
PROCEDURES 


A) Multi-stage bicycke ergometer test 


The main purpose of this non-invasive test was to determine 


the HR and PRP provoking angina (symptom-limited exercise capacity) or 
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exhaustion. This test was repeated in the middle and at the end of TRN. 
It also served to individually prescribe the TRN intensity on the bicycle 


ergometer. 


The test was conducted on a bicycle ergometer (Monark). Th 
workload was initially adjusted at 225 kam/min for two minutes after 
which it was, without interruption, increased by 75 kgm/min every two 
minutes until termination according to predetermined limiting symptoms. 
For each patient this test was always done twice with a 15 min rest in- 
terval. Only the second test was used in the data analysis, the previous 


one being specifically used for familiarization (Appendix B). 


The HR was continuously monitored by means of a digital tacho- 
meter (Exercise cardio-tachometer, Quinton Inst, model 609) and with an 
oscilloscope (Physio-sentinel, Mennen-Greatbatch Inc., model 808-005). 
The EKG was recorded on an electrocardiograph (Sanborn 500, Viso- 
Cardiette) using a bipolar lead (CM, ) and the arterial BP was determined 
by auscultation during the last 15 sec of each minute and at the onset 


of chest pain or immediately preceding the cessation of exercise. 


B) Hemodynamic evaluation 
4) Familiarization study 
The day before the catheterization study, pre and post TRN, 
each patient performed two bouts of bicycle ergometer exercise for ap- 
proximately 12 min at the work intensities previously mentioned. This 


familiarization served to determine if the patient could sustain the 


sub-angina workloads for up to 12 min. 
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Ai} Catheterization study 

The patient was hospitalized the night preceding the hemo- 
dynamic evaluation. Patients were studied without premedication in the 
morning at least two hours after a light meal. The thermodilution and 
arterial catheters were inserted with the patient in the supine position. 
The patient was then seated on the bicycle ergometer and the position of 
the thermodilution catheter in tne coronary sinus was verified by an X- 
ray image amplifier. Resting measurements were taken followed by the 
first submaximal exercise period. A rest interval of 15 min preceded 
the second submaximal exercise. After the completion of the measure- 
ments at tnis workload the intensity was gradually increased to the 
threshold of angina at which time a final series of determinations were 


taken. 


Procedures during sitting rest 
1. calibration for thermodilution thermistors and arterial 
BP recordings 
2. thermodilution curve recordings with simultaneous re- 
cording of mean arterial BP (BPm) 
3. calibration for arterial and coronary sinus pressures 


4. BPm, systolic arterial (BPs), diastolic arterial (BPd) 


pressure and mean coronary sinus pressure (CSP) re- 
cordings (25 and 100 mm/sec) 

5. Simultaneous sampling of coronary sinus and arterial 
blood for analyses of pH, P02, PCO2, LA, hemoglobin (Hb) 


and hematocrit (Ht). 
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Procedure during exercise 

The same procedure was followed during exercise beginning at 
the fifth minute. In addition duplicate measurements were done in some 
patients during the first workload before TRN and during the second 
workload after TRN in order to calculate the reproducibility of CSBF 
determinations. In those cases, the second series of measures was a 
repetition of steps one through four, and was performed immediately fol- 


lowing blood sampling (i.e. step 5). 
LABORATORY TECHNIQUES 


A} Coronary sinus bkood slow by thernodilution 

4) Introduction of catheters 

With the patient in the supine position a superficial vein 

located in the antecubital area of the right or left arm was dissected 
after local anesthesia by infiltration of chlorhydrate of Lidocaine (2%). 
A no, 8F Ganz thermodijiution catheter (0.75 mm internal diameter) was then 
inserted into the coronary sinus and immediately connected to tne venous 
transducer. The tip of the catheter was positioned in the coronary sinus 
using an image intensifier (Picker X-ray, Pectronic "800"). The posi- 
tion of the catheter was again verified with the patient seated on the 
ergometer prior to the resting measurements. The external thermistor 
was placed just inside the coronary sinus in order to inciude flow from 
the posterior interventricular vein and to avoid contamination with 
right atrial blood. The verification involved the injection of a con- 
trast material to outline the coronary sinus. Systematically the ca- 


theter position was checked prior to and during exercise. 
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A no.18 Amplatz catheter (Becton-Dickinson), was introduced 
percutaneously in the right or left brachial artery using a metallic 
guidewire. The catheter was immediately connected to the arterial 
transducer. A multilead (112) EKG tracing was recorded at regular in- 
tervals and monitored continuously on an oscilloscope (Sanborn, model 


769). 


The catheters were firmly fixed to the arm of the patient 
and covered with sterile dressing. In order to prevent blood coagula- 
tion in the catheters the pressurized system, composed of a pressure 
bag (fenwal), was filled with heparinized (0.05 m1/100 m1) isotonic 


Saline. 


Ai} Injection system recording 
The leadwire cable for both internal and external thermistors 

of the thermodilution catheter was connected to a preamplifier (CA-105, 
Wilton-Webster Labs) which was joined to the Wheatstone Bridge (CB-204, 
Wilton Webster Labs). The output of dual channel Wheatstone Bridge was 
recorded by two DC coupling amplifiers (Sanborn, 4500 series recorder) 
at a paper speed of 10 mm/sec. The thermodilution catheter was con- 
nected to two 20 ml syringes mounted on a double action pump (Harvard 
withdrawal-infusion pump model 907) filled with pre-cooled isotonic 
saline solution at 20 to 22°c. A few ml of solution were introduced 
into the catheter and a period of one minute was allowed for equilibra- 
tion of the bridge. After the base lines were established for both 
thermistors a constant injection at 38 ml/min was begun. The injection 
was stopped after a definite plateau was reached for both curves (a7) 


seconds) which were simultaneously visualized on the oscilloscope and 
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recorded on photographic paper (Kodak, type 1801). 


Ait} Thermodilution catheter calibration 

The thermistors were pre-calibrated by establishing experi- 
mentally a curve with resistance (ohms) against temperature (°C). An 
example of a typical curve is presented in Appendix C. “The tip of the 
catheter was submerged in an isotonic serum solution which was contin- 
uously stirred in order to maintain a constant temperature. The tem- 
perature of the solution was varied by adding melted ice or warm serum 
and was measured with a mercury thermometer (sensitivity ane The 
measurements were done each ey re from 20°C to 40°C for the internal 
thermistor and from 30°C to 49°C for the external thermistor. They 
were repeated twice for each thermistor, one in increasing stages and 


one in decreasing stages. 


Av) Calculations 
The CSBF was determined by tne Ganz thermodilution tech- 
nique (51). The principle of the method is based on the assumption that 
the heat lost from the system between the site of injection and the site 
of detection is negligible and, therefore, that the heat lost by the 
blood equals the heat gained by the injectate. The corresponding math- 
ematical equation is: 
(Fo) (Sb )o(Cb) (Tp tin) =. ba) (Si) bd) aimee 
(heat lost by blood) (heat gained by injectate) 
where 


Fb and Fi = volumes (m1) of blood and indicator respectively 


participating in heat exchange during a definite period 
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Tb, Ti and Tm = temperature of blood, injectate, and mixture 
of blood and injectate we 

Sb and Si = specific density of blood and injectate respec- 
tively (g/cm?) 

Cb and Ci = specific heat of blood and injectate respective- 


ly (cal/g/°c) 


For a period of 60 sec the formula is expressed as following: 


(A) (B) 
a a 


The product (A) is considered constant such as: 


It has been demonstrated that although Cb varies with the 
hematocrit, this approximation is adequate (45). The final formula for 
computation of CSBF was: 


CSBF = 38 X 1.08 (2 a 1A -1] 


Toke ch ml/min 


v) Reproducibirity of measurements 
The reproducibility of CSBF determinations during the exer- 


cise conditions was evaluated by comparing paired determinations at sub- 


3 


maximal exercise for a similar PRP (+1 X 10 ~ units). Calculations 
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snowed a standard error of measurement (SEM)! of 13.6 ml for an error of 


8.6% (Appendix D). 
B) Blood pressures 


Pressures from the brachial artery and coronary sinus were 
recorded on an optical recorder with two P23Db Statham transducers 
(Statham Instruments Inc.). Prior to recording, the base lines for both 
transducers were established immediately before the catheters were put 
in communication with their respective transducer. Arterial BPs, BPd, 
BPm and CSP obtained by electrical integration were recorded over at 
least two respiratory cycles at paper speeds of 25 and 100 mm/sec. 


Furthermore arterial BPm was recorded during CSBF measurement. 


The zero reference point for pressure measurement in the 
Sitting position was adjusted to the fourth intercostal space at the 
sternal edge (69). Before the first measurement, a static calibration 
of both transducers was obtained with a mercury manometer (Trimline, 
PyMatt, Corp.) such that a pressure change of 100 mmHg produced a de- 


flectionof 100 mm on the records. 


1 According to Dahlberg (30) 


where 
d = difference between first and second measures 


number of paired measurements 
SEM X 100 
error in%= X] + X2 
c 


= 
tt 


where _ ‘+ : | 
Ky and Ko = means of first and second measurements. 
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C) Blood parameters 


Analyses of arterial and coronary sinus blood BH, POQ>, PCO9; 
Hb, Ht and LA were carried out within one hour on Samples withdrawn 


anaerobically in heparinized syringes and stored immediately in ice. 


UMM SS PO 9, PCO, 

Analyses for pH, PQ> and PCO0o were done on a digital blood 
gas analyzer (ABL1, Radiometer, Copenhagen). This apparatus determines 
pH by a micro-method with the utilization of a glass electrode and a 
Columel reference electrode (49). The PCO> and the PO are determined 
by means of a Severinghaus electrode for CO» and a Clark electrode for 
Oo. A complete calibration was automatically and continuously repeated 
every two nours. This was done for pH by mean of two buffers at 6.84] 
and 7.383 and for PCO> with two references gas at 5.61% and 11.22% C05. 


Complete analysis of each sample required 0.5 cc of blood. 


In order to test the reproducibility of measurements, twenty 
samples done in duplicata in our laboratory have shown the following 
SEM: ©epH 2002004, PCOo =°0:45 mmHg,-PO2 =\3:12 mnig for a percentage 


error of 0.1%, 1.2%, 2.2%, respectively (Appendix D). 


AL) Blood Lactates 
Coronary sinus and arterial LA determinations were made at 
rest and during each level of exercise. A semi-automated technique was 
employed for determinations using a Technicon Auto Analyzer, which is a 
modification of the manual method described by Friedland and Dietrich 
(63). The blood samples at each condition were immediately prepared by 


using a 1.15 dilution of whole blood according to the method of Somogyi 
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(126). Then samples were immediately frozen at -20°C until analysis. 
Before each series of determinations for a patient, the Auto Analyzer 
was calibrated by mean of a standard solution of lactic acid (0.40 mg% ) 
obtained from Sigma. This solution was diluted at various concentrations 
graded from 2 to 20 mg% in order to establish a standard reference curve. 
With samples values over 20 mg% further dilution was made and appropri- 
ated correction factor calculated. Duplicate determinations taken at 
rest and at one level of exercise before TRN have shown the following 
SEM: 0.067 at rest and 0.314 at exercise for a percentage error of 1.2% 


for both conditions (Appendix D). 


Ait) Hemoglobin and hematocrit 

The Hb was determined by means of 0.04 ml of blood mixed with 
80 ml of Isoton (1:500). After 1 ml of this solution was removed, six 
drops of an hemolytic agent (ZAP-OGLOBIN) was diluted with this specimen. 
The hemolytic agent converts the Hb to Cyanmetnemoglobin and the re- 
sulting color, proportional to Hb content was read on a hemoglobinometer 
(Coulter Electronics Inc.) in gm%. The Ht was measured with a Coulter 
Counter (model ZBI) according to the Coulter principle which is based on 


the determination of the number and size of blood cells by electrical 


gating (17). 


Av) Pkasma catecholamines 
Arterial plasma catecholamines were measured on seven pa- 
tients at sitting rest and at an equivalent submaximal workload pre and 
post TRN. Concentrations were measured according to an adaptation of 
the method of Coyle and Henry (29) which is a modification of the radio- 


meter enzymatic assay technique for tissue catecholamines. Blood sam- 
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ples for catecholamines were collected at the same time as the other 
blood samples and immediately centrifuged at LOPES 14,000 rpm for 20 
minutes. The plasma was transferred to another chilled tube. Plasma 
proteins were precipitated and the plasma-acid mixture was agitated ona 
Vortex for 30 sec, then centrifuged and stored in a refrigerator until 


assay.” 
D) Caleulated values 


Coronary sinus and arterial blood oxygen content (CcsQo and 
Ca0> respectively) were calculated from hemoglobin concentration and 
PO2 using an oxyhemoglobin dissociation curve with correction for pH and 
temperature according to Severingnaus (120). The same normal oxygen 
dissociation curve was assumed after TRN since Shappell et al. (121) 
have shown that training does not change oxygen affinity of blood. MYO. 
was calculated as the product of CSBF and art-csOQ9 difference. Coronary 
vascular resistance (CVR) was calculated by dividing arterial BPm minus 


CSP by CSBF. 


Furthermore four indices reflecting myocardial oxygen re- 
quirements or CSBF were computed: PRP was calculated from brachial ar- 
tery systolic peak pressure time HR (105). Arterial BPc was measured as 
the average result of ten consecutive complexes at paper speeds of 25 mm/ 
sec. Mean PRP (PRP) was calculated from BPm times HR. TP was calculated 


from brachial artery BPs times HR times SEP/beat (101). SEP was taken 


2 These secondary data were obtained through a collaborative study with 


Drs. Jacques De Champlain and Daniel Cousineau, Department of Physiology, 


University of Montreal. 
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from the onset of the pressure wave to the incisura and was measured as 
the average result from five consecutive complexes at paper speeds of 
100 mm/sec. Lastly, TTI was calculated from brachial artery mean systo- 
lic pressure times HR times SEP/beat. Brachial artery mean Systolic 
pressure was measured by the average result of five consecutive tracings 
of systolic portion of brachial artery pressure where areas were auto- 
matically integrated. These data were computed using a Hewlett-Packard 


computer (model 98304) with a digitizer (model 98644). 
CONDITIONING PROGRAM 


The patients lived at home and came to the gymnasium two to 
five days a week for exercise training. During the first two weeks, 
each patient was submitted to eitner two consecutive bouts of twelve 
minutes of leg exercise or one bout each of leg and arm exercises. There 
was a five minute rest interval between bouts. The leg exercise con- 
Sisted of pedalling in the sitting position on a bicycle ergometer. Arm 
exercise (cranking) was the same type of movement as leg exercise witn 
the patient seated and the center of the pedal revolution at the level 
of the heart. Bicycle exercise was preferred since it allows a better 
control of exercise intensity. Arm exercise was inserted in the TRN of 
six patients in order to investigate a special problem not directly re- 
lated to this study. The starting workloads were individually adjusted 
in relation to the patients exercise capacity. This initial workload re- 
presented approximately 70% of the maximal workload (legs: X=384 kgm/min; 
arms: X=262 kgm/min (Appendix E)). After two weeks, the training ses- 
sions were extended with a period of adapted volleybail of equal duration 


(~ 25 minutes). The intensity of exercise was increased gradually dur- 
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ing the TRN in an attempt to maintain each patient ata Subanginal level 


Of work (Figure 1). 


The interval between pre and post TRN studies ranged from 16 
to 26 weeks. The attendance varied between two and three sessions per 
week with an average of 2.6 sessions per week. However one patient RF 
discontinued TRN for two weeks as all other regular activity due to a 
nervous breakdown. He returned to train for five weeks before post TRN 
evaluation. Two patients used sublingual nitroglycerin before each TRN 
Session. When angina occurred during bicycle exercise, sublingual ni- 
troglycerin was given. Although no need for emergency care was required, 
medical personnel and special equipment such as a defibrillator were 


ready for immediate use. 
STATISTICAL ANALYSIS 


Comparisons between the three periods of testing for the 
multi-stage bicycle ergometer data were done by a one-way analysis of 
variance for repeated measures along with a Newman-Keuls a posteriori 
test (138). Summary tables of these analyses are presented in Appendix 


Re 


In order to do comparisons pre to post TRN at sitting rest, 
at an equivalent submaximal workload, at an equivalent submaximal HR 
and at maximum CSBF, data were tabulated such as presented in Appendix 
G. Students t-test for paired data were employed to analyze the dif- 
ference between pre and post TRN for each experimental condition. The 
same inferential test was used to analyze differences in some variables 


between rest and maximum exercise. Two patients JL and RS were ex- 
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Fig. 1. Heart rate and workload evolution during training. 
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cluded from those comparisons for reasons discussed below. 


Finally, all raw data obtained in the four conditions pre- 
viously described, including occasional duplicate measurements, were 
stored on tape as shown in Appendix H. With CSBF and MVO2 as dependent 
variables Pearson Product Moment correlations were computed with PRP, 
PRP, HR, arterial BPs, workload, CVR, TTI, and TP as dependent variables. 
All computations were done using a Hewlett Packard digitizer (model 


98644) in conjunction with the model 9830A computer at the Montreal 


Heart Institute. 
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CHAPTER IV 


RESULTS 


EFFECT OF PHYSICAL TRAINING PROGRAM 


A) Functional exercise capacity 

The maximal workload on a standardized multi-stage bicycle 
ergometer test has shown an increment of 23% at the mid-TRN period and 
a 39% increase for the overall period of TRN (Table 2). The major aug- 
mentation was found in the early phase of TRN with a significant increase 
of maximal workload (p<0.01) from a mean value of 5594113 kgm/min to 
6884189 kgm/min at the mid-TRN period. A tendency for a higher maximal 
workload at the end of TRN was noted but the difference was not signifi- 
cant compared to the mid-TRN period. Changes were observed regarding the 
duration of the test with a 40% increase at the mid-TRN period with no 
further increment by the end of TRN. Concerning the hemodynamic variables 
measured or calculated, TRN significantly (p<0.01) increased tne maximum 
PRP X 107° by 22% from a mean initial value of 24.644.5 to 30.025.9 by 
the end of TRN. This maximum PRP was almost entirely due to a parallel 
change in maximal HR in presence of a slight tendency of maximal arterial 
BP to increase. The maximal HR increased by 12% from an initial mean val- 
ue of 130415 beats/min compared to 145+15 beats/min at the end of TRN. 
Although a significant increase was observed for maximum PRP and HR these 
changes occurred mainly after the mid-TRN period whereas the major change 


in maximal workload took place in the first half of the TRN. 
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Regarding basic anthropometric and respiratory measurements 
done before and after TRN, no significant changes were observed for 
weight; vital capacity (VC) and force expiratory volume for 1 sec (FEV, ) 


(Table 3). TRN did not significantly alter the sum of four fat skinfolds. 


B) Training program 

The intensity of the workload prescribed during the TRN ses- 
Sions was adjusted so that the patient was able to tolerate the exercise 
without chest pain. The mean values for TRN workload during leg exercise, 
recorded each two weeks, almost doubled by the end of TRN changing from 
384278 kgm/min to 600+109 kgm/min. In addition, it was possible to in- 
terrupt propranolol, in the six patients using it, by the end of the six- 


teenth week of TRN (Appendix D). 


C) Hemodynamic study 

Patients were evaluated before and after TRN using arterial 
and coronary sinus catheterization at sitting rest and at three different 
levels of standardized bicycle exercise: at an equivalent submaximal 
workload, at an equivalent submaximal HR and at symptom-limited exercise 
level. At sitting rest a significant decrease (p<0.05) of HR was found 
with a mean initial value of 7829 beats/min dropping to 7045 beats/min at 


the end of TRN? (Table 4). Except for resting HR, mean values of all 


° Two patients RS and JL were excluded from the pre and post comparisons 
hemodynamic data due to technical] problems experienced in the positioning 
of the coronary sinus catheter. In one patient the catheter was consis- 
tently expelled from the coronary sinus at rest and in another in whom 
fluoroscopy in niece position was not used prior to TRN, CSBF values 


were presumed to be great cardiac vein before TRN and total left ventric- 


ular after TRN. 
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TABLE 3. Basic anthropometric and respiratory measures at rest pre (I) 


and post (II) training.t+ 


n I TI Pe 
Weight (kg) 12 68.0+8.0 68.0+7.0 NS 
VC (liter) 9 4.120.5 4.1+0.5 NS 
FEV, (liter) 9 3.42025 CIA eol Bas) NS 
FEV, /VC (2) 9 SLe9F 10 i 84 .4+9.6 NS 
e074 skinfolds’ (mn) 1] 50.4224./7 AS 521056 NS 


+ Values are mean + standard deviation 
*°9P is for Student's t-test for paired values 
Abbreviations: VC = vital capacity; FEV, = forced expiratory volume for 


1 sec 
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TABLE 4. Mean coronary hemodynamics data’ at sitting rest pre {I) and 


post). (1 t training. 


n = 10 I II pa 
HR (beats/min) 7829 7025 p<0.05 
BPs (mmHg) 149+19 139417 NS 
BPd (mmHg) 86411 84+10 NS 
BPm (mmHg) 112#16 107+16 NS 
mean BPs (mmHg) 135+19 132219 NS 
CSP (mmHg) 343 343 NS 
SEP/beat (sec) 0. 2540.02 0.26+0.02 NS 
CSBE (ml/min) 95425 9017 NS 
MVO., (ml/min) 10.7#4.3 10.2#2.9 NS 
art-cs0, (m1/100 ml) —-11.041.77 197088 W652 NS 
CVR (mmHg/(m1/min)) 1.1740.29 1 Ase0 PS NS 
PRP X 107° (units) 11.842.1 10.1#1.5 NS 
PRP xX 107° (units) 8.4+1.8 Weis NS 
TP X 10°° (units) 29, 5e5a0 25 743.9 NS 
TTI X 10°? (units) 2655 24.144.0 NS 


+ Values are mean + standard deviation 

* P is for Student's t-test for paired values 

Abbreviations: HR = heart rate; BPs, BPd, BPm = brachial artery systolic, 
diastolic, and mean pressure; CPS = mean coronary sinus 
pressure; SEP = systolic ejection period; CSBF = coronary 
sinus bDlood flow; MYO. = myocardial oxygen consumption; 
art-cs0. = arterial coronary sinus oxygen content differ- 


ence; CVR = coronary resistance; PRP = mean PRP. 
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other variables were not significantly different between pre and post 
TRN. Mean values for CSBF and MVO., were 95425 ml/min and 10.744.3 ml/ 
min respectively before TRN compared to 90+17 ml/min and 10.2+2.9 mi/ 


min after TRN. 


At an equivalent submaximal workload (X ~ 400 kgm/min) CSBF 
was significantly (p<0.05) lower after TRN dropping from a mean value of 
163436 ml/min to 138421 ml/min (Table 5). Although MVO., diminished by 
16%, the difference was not significant (p<0.10). Mean values for HR and 
arterial BPm, BPs and BPd were all significantly lower after TRN. Direct- 
ly related to these results were significant decreases in PRP with TRN. 
Calculated from arterial BPs and BPm respectively values were 22.1+3.8 
pride )itocl7.843.7 (X M072)eand 15.242 .70(X81077) to 12.342.600%, 10>). 
Although SEP/beat was significantly (p<0.05) increased, the net effect on 
TP and TTI was unimportant so that these indices were also significantly 
lower after TRN. Similarly, mean values for arterial LA concentration 


(Table 6) decreased significantly with TRN (26.7+10.5 mg% to 20.3+13.2 


mg% ) . 


At an equivalent submaximal HR (X ~114 beats/min) the mean 
value for workload was increased from 344+92 kgm/min to 506+90 kgm/min 
(Table 7). Despite this 76% increase in workload for the same HR, all the 
coronary hemodynamic measures, systemic pressures and indices of MVO. were 
essentially the same. The only other significant difference at this exer- 
cise condition was a higher mean value for arterial LA concentration after 
TRN compared to pre TRN value with 31,4216 mg% and 24.0+13.9 mg% respec- 
tively (Table 6). As a result of the unchanged arterial BP and SEP/beat, 


all indirect-indices were of similar values for pre and post TRN. 
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Table 5. Mean coronary hemodynamic data at an equivalent submaximal 


workload (mean ~ 400 kgm/min) pre (I) and post (II) training 


n= 9 I II px 
HR (beats/min) 120+14 103+11 p<0.01 
BPs (mmHg) 180+25 16830 p<0.05 
BPd (mmHg) 89415 83+16 p<0.05 
BPm (mmHg) 126+20 119221 p<0.05 
mean BPs (mmHg) 155+30 144430 p<0.01 
CSP* (mtg) 5+2 6x4 NS 
SEP/beat (sec) 0.2340 .02 0.2540 .03 9<0.05 
CSBF (ml/min) 16336 138#21 p<0.05 
MVO. (ml/min) 20.145.2 17.343.6 NS 
art-cs0, (mi/100 ml) 12.3142.12 12,701.63 NS 
CVR (mmHg/ (ml/min) ) 0.77+0.14 0. 86+0.21 NS 
PRP X 107° (units) 22.143.8 17.8#3.7 0<0.01 
PRP X 107° (units) [ees a eae ars p<0.01 
TX 10°? (units) 49.9+10.7 45.9+11.3 p<0.01 
TTI X 107° (units) 44.0+10.7 39.4+10.4 p<0.01 


ee ae ae 


Symbols and legend similar to Table 4. 
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TABLE 6. Mean arterial blood lactate data’ and catecholamines concentra- 


tions at sitting rest and various levels of exercise pre and 


post training (TRN). 


lactates (mg%) 


—— 


post-TRN P 
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Values are mean + standard deviation 
* P is for Student's t-test for paired values 
+ ] = sitting rest; II = equivalent submaximal workload; III = equivalent 


submaximal heart rate; IV = maximum coronary sinus blood flow. 
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TABLE 7. Mean coronary hemodynamic data at an equivalent submaximal 


heart rate (mean ~ 114 beats/min) pre (I) and post (II) 


training. 


Workload (kgm/min) 
BPs (mmHg) 

BPd (mmHg) 

BPm (mmHg) 

mean BPs (mmHg) 
SEP/beat (sec) 
CSBF (ml/min) 

MVO, (ml/min) 
art-cs0., (m1/100 m1) 
CVR (mmHg/(m1/min) ) 
PRP X 10> (units) 


ey yan3 


RP Oe units) 


TP X 10°> (units) 


3 


mk 10> (units } 
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Symbols and legend similar to Table 4. 
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Pre and post TRN comparisons at the maximum level of exercise 
done at the onset of angina or fatigue. Mean values for maximal HR, 
Sor. MYO» PRP, TP and TTI tended to be higher post TRN but the dif- 
ferences were not significant. The maximum workload was Significant- 
ly augmented from an initial mean value of 5054101 kgm/min to a post 
TRN mean value of 705+170 kgm/min (Table 8). Although workload was 
greatly increased, maximum arterial LA concentration was not signifi- 
cantly higher (p<0.10) after TRN with a post TRN mean value of 54.8+25 


mg% compared to 31.3+13.5 mg% at the pre TRN evaluation. However CSP 


was significantly higher after TRN. 


Catecholamine levels were obtained in certain patients at sit- 
ting rest and at an equivalent submaximal workload (Table 6). At rest 
Similar mean values were observed at pre and post TRN evaluation. How- 
ever the catecholamine level after TRN (1.249+0.364 ng/ml) was signifi- 
cantly lower than pre TRN value (1.501+0.451 ng/ml) for a given submaximal 


workload. 


EVOLUTION OF HEMODYNAMIC AND HEMATOLOGIC VARIABLES WITH EXERCISE 

From rest to maximal exercise values HR increased by 67%, MVO., 
Dy 132%% CSBF by 108%, art-cs0, difference by 19% at pre-TRN evaluation 
(Figure 2). These increments were accompanied by a simultaneous decrement 
of CVR of 80%. After TRN, changes in the same direction and of similar 
magnitude were found for MYO, » CSBF and art-cs0, difference with a per- 
centage change of 148%, 127% and 17% respectively. Regarding HR a sig- 


nigicantly (p<0.05) greater increment was found after TRN (1032). 
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TABLE 8. Mean coronary hemodynamic data at maximal CSBF pre (I) and 


post. (. Lietraining: 


n= 1] [ 

workload (kgm/min) 1. 5072701 
HR (beats/min) CRP Revibciehra Wr 
BPs (mmHg) = 8 18427 
BPd (mmHg) # 8 87+12 
BPm (mmHg) a ee) 
mean BPs (mmHg) # 8 53224 
CSP (mmHg) # 7 7+2 
SEP/beat (sec) + 8 0.2120.02 
CSBF (ml/min) 1] 195252 
MYO. (ml/min) ¥ 8 25.7+5.9 


art-cs0, (nig O01) Fue BAIS 1021. 828 


CVR (mmHg/ (ml/min) ) 11) 262672014 
PRP X 10> (units) * 98 24.544.5 
PRP X 10°> (units) Tepes age 
TP X 10°? (units) # 8. Si, peo 


TTI X 107 (units) + 8 44.936.2 


SSS SS ee 


Symbols and legend similar to Table 4. 
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Pre-TRN arterial oxygen content (Ca0,) arterial oxygen satu- 
ration (Sa0,) and (Pa0,,) were not significantly different at maximum CSBF 
compared to mean resting values (Tables 9 and 10). However after TRN, 
although Pad, and Sa0, did not changed, Ca0., was slightly higher (p>0.05). 
Pcs0. was not different before TRN between rest to maximum CSBF values. 
The same result was observed after TRN. Interestingly coronary sinus 
oxygen content (Ccs0,,) and coronary sinus oxygen saturation (Scs0,) were 
Significantly decreased. At pre-TRN evaluation, Ccs0., dropped from mean 
resting value of 8.5+1.4 mi/100 ml to 6.81.4 ml/100 ml at maximum CSBF 


Baca caueatrom 41.72/.1% tov33.c+/7.7/%.  Similarusigniricant decreases 


Z 
were observed for Ccs0, and Scs0, after TRN. Arterial and coronary sinus 
pH were found to be significantly lower at maximum CSBF compared to rest 
at pre and post TRN with the exception of arterial pH before TRN where the 


difference was found to be not significant. Hb was similar at rest and 


at maximum CSBF before as well as after TRN. 


MEASURES OF RELATIONSHIP 


The Pearson product-moment correlation coefficient for CSBF 
and MYO, with hemodynamic variables and indices were calculated before 
and after TRN. Regression equations and coefficients were computed for 
all data and for exercise data only (Table 1], 12, 13). High correla- 
tion coefficients were observed between CSBF and MV. pre and post TRN 
considering all data (r = 0.88 and r = 0.95 respectively) and without 


rest data (r = 0.82 and r = 0.90 respectively). 


Regarding correlations with CSBF, the highest coefficients 


were found before TRN for PRP, PRP and CVR with r = 0.78, r = 0.71 and 
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TABLE 9. Mean blood data’ changes from sitting rest to maximum CSBF 


before training. 


n= 8 rest maximum CSBF Bs 
Cad, (m1/100 m1) + 19 .6+1.0 20.04+1.0 NS 
Ces0, (m1/100 m1) S514 6.841.4 p<0.01 
Sa0, (%) = We ee es 96.3204 NS 
Scs0, (2) 41.7+7.1 cee p<0.01 
Pad., (mmHg) 100411 98412 NS 
Pcs0, (mmHg) 2442 WEE NS 
Hba (gms) 14.9+0.8 ory Chey, NS 
Hbcs (gms) 14.9+0.9 (one sol] NS 
Paco, (mmHg) 3024 Sree NS 
PesC0,, (mmHg ) 39+7 47+4 p<0.05 
pHa (units) Pte, OS 7.38+0.04 NS 
pHcs (units) 7.4020.04 7 .32+0.03 p<0.02 


t Values are mean+standard deviation 
* P is for the Student's t-test for paired values 


een = 7) 


Abbreviations: Ca0., Cces0., = concentration of oxygen in brachial artery 


and coronary sinus; Sa,» Scs0, = saturation in oxygen 

in brachial artery and coronary sinus; Pad,, PcsO,, Pald,, 
PesC0,= partial pressure for oxygen and carbone oxyde in 
brachial artery and coronary sinus; Hba, Hbcs = hemoglobin 


in brachial artery and coronary sinus, 
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TABLE 10. Mean blood data’ changes from sitting rest to maximum CSBF 


after training. 


n=49 rest maximum CSBF wares 
Cad, (m1/100 m1) 18.821,0 19.2+0.8 pa 
Ccs0, (m1/100 m1) AR Soh ea? Dias | gee p<0.05 
5a0,, Co) 96.4+0.8 9651210 NS 
Ses, ee. 38.946 .4 29 .3+6.0 p<0.02 
Pad, (mmHg) 92+8 93+8 NS 
Pcs0,, (mmHg ) 25+6 ZNs3 NS 
Hba (gms) 1a G07 14.8+0.7 NS 
Hbcs (gms) 14,420.58 14.7+0.6 NS 
Pac, (mmHg) 34+3 30+2 p<0.01 
Pes C0. (mmHg ) AA+4 48+2 NS 
pHa (unit) 7. 4340.03 7 .3740.04 p<0.02 
pHcs (unit) 7.4040 .03 7.30+0.04 p<0.01 


Symbols and legend similar to Table 9. 
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Table 11. Correlations (r) and regression coefficients of CSBF with 


several variables pre (1) and post (II) training (al] data). 


Variables en sal 


rt n Slope intercept x n slope intercept 

ee aS eee a OS 
MO, mo 665. 16-253 36.202 95 51 6.967 19.253 
PRP yl 73 9.404 27.125 be. nO a 7e5o0 45.382 
PRP MIEN 67. Pde58 14.075 te FAS 50m 50.909 
HR Pods fo a 12468 -8.620 (Ba 409 AGP -7.279 
TTI 61 6] age 105 35.990 .53 48 2.096 64.519 
TP poy or 275 81122 59 48 1.987 59.206 
CVR* ie ef? =, 847 5.742 .88 49 -1.089 5.873 
Workload .27 61 099 129.801. (1.64 40°" .152 78.501 
BPs eo0im nor a 1e0bS Se ise 35. 48: 95529 58.941 


Bod aot «COBF 
+ all correlation values significantly different from zero (p<0.05) 


Abbreviations: MVO,, = myocardial oxygen consumption; PRP = mean PRP; 


CVR = coronary vascular resistance; BPs = brachial 


arterial systolic blood pressure. 
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Table 12. Correlations (r) and regression coefficients of CSBF with 
several variables pre (I) and post (II) training (without 


rest data). 


Variables ] | II 


i n Slope intercept | r n slope intercept 


MVO >’ 6 


4 

PRP .62 6] 

PRP /3 00 - 700d 8.358 O48  WAQo a AR ZO5 69/32 
HR D2 61 1.465 -7.754 74 40 1.406 -/.789 
eGl 49 a et 62.020 247 499 -112081 116.384 
TP oo Bo) | 2D 39.605 Bi. 89" eghSS 102.471 
ovR* sl Bl <1. 250 6.02/ 78 40 -0.925 52760 
BPs LOS a5) .883 12.847 .087 40 Ales 141.682 


Symbols and legend similar to Table 11. 
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Variables 


Le 


CVR* 


Workload 


BPs 


Symbols and legend similar to Table 11. 
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Correlations (r) and regression coefficients of MVO. with 


several variables pre (1) and post (II) training (all data). 


rT 
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Slope intercept 
Tce ey) 
.865 1.8693 
160 13250 
395 3.436 
7200 3.614 
-1.34)] 4.157 
. 0064 18.560 
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yr = 0.72 respectively (Table 11). A similar pattern was observed when 
rest data were excluded although respective coefficients were somewhat 
lower (Table 12). After TRN, higher correlation coefficients were also 
found with the three previously mentioned parameters using both, all data 
and without rest data conditions. However a considerable difference was 
observed for the correlation coefficients with HR before and after TRN. 
After TRN, in both these conditions coefficients were r = 0.83 and r = 
0.74 respectively. On the other hand, the corresponding coefficients 
before TRN were r = 0.64 and r = 0.52. Furthermore it was observed that 
the indices which include the SEP/beat were poorer correlates of CSBF. 
As a general rule, correlation coefficients between MVO, with the same 
parameters and indices as those used with CSBF gave results in similar 


direction but of lower magnitude (Table 13). 
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CHAPTER V 


DISCUSSION 


The thermodilution method is particularly suited to the 
Measurement of CSBF during exercise. A single determination can be ob- 
tained in one or two minutes permitting the evaluation of CSBF prior to 
and at the onset of angina pectoris with a minimum of risk and discom- 
fort to the patient. The rapidity of measurement and the determination 
of absolute left ventricular coronary blood flow overcome the major dis- 
advantages of the inert gas techniques where relatively long periods of 
Saturation or desaturation are necessary and where regional differences 
in flow per unit weight, such as in patients with coronary artery ste- 


nosis, tend to give overestimates of CBF (83). 


However, of major concern in the utilization of the thermo- 
dilution method is the position of the catheter in the coronary sinus, 
since this will determine the portion of left ventricular coronary flow 
which is measured (83, 51). For exercise studies in the supine position 
Bahler and Macleod (8) advanced the catheter and measured great cardiac 


vein blood flow in patients with severe obstructions of the left anterior 


descending artery. Bertrand et al. (9) reported that the thermodilution 


catheter position was extremely stable during relatively intense supine 
exercise in normal subjects when the external thermistor was placed at 
the proximal portion of the coronary sinus as described by Ganz (51): 
The latter position was adopted for the present study. According to 
Ganz (51), in normal hearts about two-thirds of the total coronary sinus 


flow drain through the great cardiac vein and one third comes From the 
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posterior wall. Furthermore, the coronary sinus drains almost exclusive- 
ly the left ventricular and the intraventricular septal myocardium. In 
fact, it has been found that only 17% of the small veins draining into 


the coronary sinus arise outside the left ventricular system (70). 


The reproducibility of repeat determination of CSBF on the 
Same day during supine rest is approximately 5% (28, 51). No signifi- 
cant difference was found in resting CSBF values obtained when coronary 
Sinus catheterization was repeated within a one er period (125). In 
the present study duplicate determinations of CSBF were performed on 
various patients during the same exercise period when the PRP was con- 
stant (i.e. within +1 X 10°° units). The reproducibility of duplicate 
determinations was 13.6 ml/min or 8.6% of the mean. There was no dif- 
ference between the mean of the first and second determinations (158 
and 157 ml/min). When the data for the first two exercise levels of 
Jorgensen et al. (73) were calculated using the same formula the CSBF 


reproducibility of the nitrous oxide method was comparable (11%). 


Throughout the experimental procedure we found that the 
catheter could change position in some patients. It was often necessary 
to verify the catheter position by fluoroscopy prior to each exercise 
workload. It is possible that the catheter position could have varied 
during exercise in some patients before and after TRN, however, the lack 
of significant difference in CSBF during sitting rest and during exer- 


cise at the same HR and PRP with TRN suggest that this was not the case 


to any great extent. 


Since the thermodilution method measures absolute coronary 


flow from the left ventricle and not flow per unit weight of heart 
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fmiscie., tt. 1s. ditricult:-to compare values with those obtained by inert 
gas techniques. Our mean CSBF values at rest in the upright position 

(90 to 95 ml/min) are lower than those reported for the supine position 
by Ganz et al. (51) (128 ml/min) and Solianac et al. (125) (117 ml/min) 
for CAD patients using the thermodilution method. It is possible that 
there 1s a positional difference in CSBF since ventricular volume would 
be smaller in the upright position (73) thus reducing MVO> and CBF. 
Kitamura et al. (41) postulated this difference when comparing their data 
obtained in the upright position to that of Holmberg et al. (68) for the 


Supine position. 


Several studies (28, 51, 68) have failed to show any signif- 
icant difference in resting CBF between CAD patients and normals. 
Klocke (83) attributes this to the afforementioned methodological weak- 
nesses of the inert gas techniques and to the fact that the thermodilu- 
tion technique which, by measuring absolute flow, does not take into 
account an increased myocardial mass often present in CAD patients. In 
heavy supine exercise Holmberg et al. (68) using the Xenon-133 clearance 
technique demonstrated smaller increases in coronary flow in patients 
with significant coronary obstructions (220%) as compared to those 
without obstruction (270%). Bertrand et al. (9) measured CSBF increases 
averaging 440% over resting thermodilution values with intense supine 
exercise in normal subjects and Kitamura et al. (82) reported an increase 
of 331% in nitrous oxide determined coronary flow during submaximal up- 
right exercise in young normal subjects. Our patients with angina pec- 


toris were only able to double CSBF during upright exercise. 
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In normal subjects increment of coronary blood flow has been 
found to contribute almost exclusively for the augmentation of MVO, when 
exercise intensities ranged between one to three times the energy re- 
quired at rest (88, 90, 104). At much higher exercise intensities, con- 
trasting results have been reported. Some (82, 95) have found a signif- 
icant widening of art-csO9 difference and others (9, 68, 90) have re- 
ported similar values for art-cs09 difference between their resting and 
exercise values. However, in patients with CAD, it has been a general 
finding that art-csQ5 difference exhibited a significantly greater in- 
crease during mild and/or severe exercise compared to the resting con- 
dition (68, 90). In our subjects, a great variation in resting values 
was observed between subjects confirming a characteristic that has been 
noted by all investigators who calculated the art-cs0» difference (55, 
62, 82, 88, 90, 104). From sitting rest to maximum exercise level be- 
more and after TRN the art-csQ. difference was Significantly increased 
by 19 and 17% respectively. Doll and Keul (35) in discussing reasons 
for a widened art-cs0, difference at exercise in CAD patients believe 
that such adaptation is brought about by an increase in hemoglobin and 
by a fall in blood pH which shifted to the right the oxygen dissociation 
curve. Although our hemoglobin values tended to be slightly higher dur- 
ing exercise, the differences were not significant. However, the pre- 
sence of similar Pcs02 between rest and maximum exercise before and af- 
ter TRN associated with a significant decrease of ScsOo in both condi- 


tions, could well be due at least partially to displacement of oxygen 


dissociation curve. It is also possible that with severe exercise, re- 


distribution of 2.3-diphosphoglycerate has changed so that the affinity 


of hemoglobin for oxygen 7s decreased allowing more oxygen to be deliv- 
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ered at a given PcsQo (95). More data are needed to decide if increa- 
Sing oxygen extraction during exercise observed in CAD patients 7s ab- 
normal. That such a result has not been generally observed in normal 

Subjects during severe exercise is presently suggestive that this com- 


pensatory mechanism is closely related to CAD. 


The major purpose of this investigation was to determine if 
the increased exercise tolerance of patients with angina pectoris after 
TRN could be explained on the basis of 1) decreased CBF requirement at 
any given workload and/or 2) an increase in CBF at the onset of angina. 
Significant increases of 38% in maximal workload on non-invasive tests 
and during the catheterization study are similar to those previously 


reported and attest to the effect of the training program (124). 


The evidence obtained for peripheral modifications is that 
MVO> and CSBF has been postulated to consistently decrease at a given 
workload after TRN as a result of lower HR and arterial BP and lower 
calculated indirect indices incorporing some of major factors deter- 
mining MVOo such as PRP, TP, and TTI (19, 24, 81, 135). The theorical 
basis that HR and the product of HR and arterial BP with the addition 
in some cases of SEP/beat are closely related to MVO>, has been verified 
in normal subjects during upright and supine dynamic exercise and in 
CAD patients in supine exercise. CBF and MVOo measured from the nitrous 


-_ 


oxide saturation method have been found to correlate well with PRP (r = 
0.87 and r = 0.90), PRP (r = 0.89 and r = 0.90), TTI (r = 0.83 and r = 
0.77) and HR alone (r = 0.82 and r = 0.88) in ten normal young Subjects 
doing upright bicycle exercise at intensities corresponding to 53, 74 


and 87% of the mean measured maximal HR (82). In similar subjects, 
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Bertrand et al. (9), using the thermodilution method for measuring CSBF 
and MYO, found a coefficient of correlation of 0.87 for HR and 0.73 for 
TTI with CSBF during measurements made in supine position from rest 
through exhaustion. Similar correlation values were found with MVO,. 
In addition, Nelson et al. (95), combining data obtained in normal young 
Subjects during dynamic upright exercise with and without propranolol, 
during combination of static and dynamic work, and during static work 


alone, have found that PRP correlated best with MYO r = 0.86 and r = 


> | 
0.88). These data were obtained from exercise in the supine position 
from rest through to near maximal workloads. Gobel et al. (53) have 
found a similar result with supine exercise between MYO, and PRP (r = 
0.86) in a group of CAD patients. Our results regarding measures of 
relationship between CSBF and MvO., with the hemodynamic variables just 
mentioned are in agreement in that variables where SEP/beat are excluded 
give better correlation coefficients than those including this para- 
meter. The correlations are similar when the patients are exercising in 
the upright position before and after TRN. These resuits are in accord 
with our present knowledge of MV, jn that maintenance of tension is a 
relatively insignificant factor. As discussed by Kitamura et al. uae 
with exercise the HR increases but the SEP/beat decreases as in inverse 
linear function of HR. Calculated mean differences for SEP/beat between 


sitting rest and maximal exercise have shown 19 and 18% decreases in 


SEP/beat before and after TRN respectively. 


However, it was found that HR was not correlated better with 
CSBF (r = 0.64) than TTI (r = 0.61) and TP (0.67) before TRN. This 
finding is different than previously reported in normal subjects as 


well as in CAD patients. However, after TRN, HR had a higher correla- 
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tion coefficient with CSBF (r = 0.83) than PRP (r = 0.72) and PRP (r = 
0.72). Inversely arterial BPs correlates better with CSBF (r = 0.60) 


before TRN than after TRN (r = 0.35). 


That our patients were more severely disabled than those of 
Holmberg et al. (68) can be inferred from arteriography and clinical 
Symptoms and this might be one reason explaining our lower coefficient 
of correlation for HR before TRN. It is evident that arterial BPs was 
as important a correlate as HR before TRN and that after TRN, the re- 
verse occurred. The range HR was greater after TRN and this could have 
contributed to the improvement in the coefficient of correlation. A 
Significant difference was obtained between pre and post TRN with a 67% 
change for HR before TRN and 103% change after TRN. In the presence of 
a such difference between the coefficient of correlation of HR with 
CSBF before and after TRN, and on the other hand considering the re- 
producibility of correlation coefficients when PRP was used, it appears 
important that indices including both HR and arterial BP be employed 
to estimate changes in CSBF or MVO,. TTI and TP correlated poorly with 
CSBF and MV. both before and after TRN. In the jlight ef our data it 
seems reasonable to assume that changes in PRP and PRP during exercise 


can be interpreted as direct and proportional changes in CSBF of MVO, 


which are independent of a training effect. 


When mean values for CSBF for the various experimental con- 
ditions before and after TRN are plotted against workload (figure 3a) it 
is apparent that. CSBF was not only lower after TRN at 400 kgm/min but 


also at 505 kgm/min. This latter workload corresponded to the angina 


threshold before TRN and to the mean level used to compare CSBF at an 


equal HR after TRN. These reduced CSBF values with TRN indicate that 
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the primary explanation for the increased exercise tolerance in these 
patients is a reduced CBF requirement for a workload which produced an- 
gina before TRN. Values for CVR, 0.82 mmHg/(ml/min) vs 0.67 mmHg/ (m1 / 
min) for pre and post TRN respectively, would also indicate that a vaso- 
dilatory reserve is still available at this workload post-training. As 
the workload was increased to approximately 700 kgm/min, CVR continued 
to decrease and CSBF increase to values not significantly different from 
those at the pre-training angina threshold. The reduction in CSBF and 
myocardial oxygen consumption for a given workload with training are 
related to decreases in adrenergic stimulation to the heart and systemic 
arteries as reflected by the lower HR, arterial BP and then calculated 
indirect indices such as PRP, PRP, TTI and TP. The finding that arterial 
BP is decreased after TRN at similar workload has already been reported 
in studies done with CAD patients (19, 24, 33). However, at a given HR- 
before and after TRN, no difference was observed in arterial BP. This 
result is also consistent with the fact that arterial BP is predominantly 


related to HR value as well as before than after TRN (93). 


The exact mechanism for this reduced sympathetic output jis 
not known. Based on exercise data from trained and untrained muscle 
groups, Clausen (20) postulates that the training bradycardia involves 
two components, one of which is present at rest and exercise and 1s re- 
lated to changes in vagal tone. The other, related specifically to peri- 
pheral adaptive changes in the trained skeletal muscles, iS present only 
in exercise and reflects a decrease in sympathetic drive. The ratio be- 
tween the decrease in HR at rest and the decrease during exercise indi- 


cates the relative importance of the two components. The present data 
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(0.47) are in agreement with those of Clausen (0.41) for patients with 
angina pectoris, suggesting a more pronounced influence of peripheral 
adaptations (20). From data on rats (66) and normal subjects (56) fol- 
lowing endurance training programs it has been hypothetized that the 
reduction in HR, muscle blood flow and peripheral vasoconstriction is 
mediated by increased skeletal muscle oxidative enzymatic capacity (20). 
In addition, at a given submaximal workload at pre and post TRN, our 
mean values for arterial blood LA and arterial catecholamine concentra- 
tions were significantly decreased after TRN, which could suggest that 
local adaptations of the trained muscles have contributed largely to 
change the autonomic stimulation of the heart (20). According to 
Hollozy (67) decreased arterial LA concentrations at a given workload 
after TRN could be explained by alterations of the oxidative enzymatic 


mechanism in trained muscies. 


Given the low absolute training workloads of the angina pa- 
tient alternative hypotheses could be warranted. In biopsies taken from 
the vastus medialus of our patients, Taylor et al. (132) did not find any 
systematic changes with training in oxidative enzymatic activity de- 
termined by qualitative histochemical staining (NADH diaphorase). How- 
ever, significant hypertrophy of both fast and slow twitch fibres was 
present after bicycle ergometer training. There may be a mechanical 


metabolic stimulus involved in the afferent neural output from skeletal 


3 ; i i as 
muscle and an enlargement of muscle fibres could permit a given work 


load to be performed using fewer motor units and/or more predominant slow 


twitch oxidative fibres with a reduction in this neural output and sym- 


pathetic drive. 
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The PRP has been shown to have a critical and relatively 
constant value at the onset of exercise angina pectoris (102, 105). An- 
gina pectoris has been induced at the same PRP during exercise and right 
atrial pacing (8, 124). Several studies using progressive multi-stage 
exercise tests have demonstrated that following training patients often 
tolerate a higher PRP at the onset of angina pectoris (8, 20, 34, 124). 
This may be due to several factors. Firstly, the patient may tolerate 
a greater degree of ischemia before pain is perceived or reported. 

Detry and Bruce (34) found that the St-segment depression was signifi- 
cantly greater at symptom-limited maximal exercise after training. The 
exercise protocol employed may have an influence. A significant in- 
crease in PRP with training was observed in our patients on the non- 
Invasive bicycle ergometer tests where the workload was progressively 
increased at two minute intervals. This was not the case during the 
catheterization studies where a longer period at a subangina level pre- 
cede the onset of angina. Similarly, Gobel et al. (53) and Nordstrom et 
al. (96) studying the effect of lidoflazine noted increased PRP at angina 
on multi-stage treadmill tests but not during supine exercise during 
coronary sinus catheterization. Secondly, these may be concomitant 
changes in factors other than PRP, such as a reduction in contractile 
state or ventricular volume during maximal exercise. The former would 
imply an uncoupling of a parallel relationship between HR and contrac- 
tile state at or near the onset of angina. When contractile state was 
influenced by propranolol, Jorgensen et al. (72) found increased SEP/beat 
for exercise of equal HR with versus without the drug. If the SEP/beat 


is used as an indirect index of contractile state the present data do not 


indicate this uncoupling since SEP/beat was similar before and after 
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training during exercise at the same HR and during maximal exercise. 
Measures of ventricular volume during upright exercise in patients with 
angina pectoris are warranted. That a change in these factors did not 
take place in this study is indicated by the linear relationship of mean 
values of PRP for all experimental conditions before and after training 
(figure 3b). Thirdly, TRN may result in changes in coronary blood flow 
distribution with reductions in "proximal steal” by parallel regions with 
lowered blood flow requirement post TRN leading to a higher maximum PRP 
at the angina threshold (20). Fourthly, is there an increase in the 
maximal myocardial blood flow and oxygen consumption with TRN? Whereas, 
TRN effects a two to four fold increase in skeletal muscle oxidative 
enzyme activity in normal subjects (96) no such adaptation has been noted 
for the heart of trained rats (97). Furthermore, the often quoted in- 
creases in collateral circulation in trained dogs (38) has not been de- 
monstrated in man (26, 43). The present data are not adequate to answer 


this question fully. 


Although, maximum CSBF and NVO, were not significantly in- 
creased with TRN there appeared to be a subgroup of patients who reacted 
differently. Five of the seven patients whose maximum CSBF was higher 
after TRN also had higher maximum PRP values. On the other hand, only 
one of the four patients whose maximum CSBF decreased nad an increase in 
maximum PRP. Due to the length of time required for coronary Sinus blood 
Sampling complete data for MVO, and art-cs0, difference were available on 
seven subjects only four of whom belong to the group whose maximum CSBF 


increased with TRN. Three of these patients also had higher MVO0., and art- 


cs0,, differences after TRN. 
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CHAPTER YI 


CONCLUSION 


This study was designed primarily to evaluate the hemodynamic 
effects of training in patients with exertional angina pectoris and an- 
giographically documented coronary artery disease. Experimental condi- 
tions for catheterization included sitting rest, an exercise at a given 
submaximal workload, a given submaximal heart rate and at the symptom- 
limited exercise capacity. Exercise was performed on a bicycle ergometer 
before and after training. On non-invasive multi-stage bicycle ergometer 
test, functional capacity and pressure-rate product were significantly 
higher after training suggesting a higher maximal coronary sinus blood 
flow or myocardial oxygen consumption. The assumption of a close rela- 
tionship of indirect indices such as PRP, TP and TTI with coronary sinus 
blood flow was confirmed by pre and post-training data. However in both 
situations, TP and TTI which incorporate in their computations the systo- 
lic ejection period per beat were poorer correlates. It was also observed 
that pressure-rate product was better correlated with coronary sinus blood 


flow than heart rate or blood pressure alone both before and after train- 
ing. 


Exercise capacity during the catheterization evaluations was 


found to increase to a similar degree as during the non-invasive multi- 


Stage tests. However the maximum pressure-rate product was not signifi- 


cantly different before and after training. Neither were the maximum 
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coronary sinus blood flow and myocardial oxygen consumption different 
with training. However in the majority of patients who increased their 
maximum pressure-rate product, the maximum coronary sinus blood flow was 
also higher after training, suggesting that although these patients were 
selected according to comparable criteria, some patients may respond 
differently to the training stimulus. However, it was clear that the 
primary factor contributing to the higher exercise capacity after train- 


ing was a reduction of coronary blood flow requirement after training. 


The coronary reserve of our patients was very limited with 
an ability to only double their coronary sinus blood flow at symptom- 
limited exercise. Arterio-coronary sinus oxygen difference contri- 
buted slightly to the increase of myocardial oxygen consumption from 
rest to maximum exercise before and after training (19 and 17% respec- 
tively). In the presence of similar Pcs0. values at rest and at maximum 
exercise level, the higher arterio-coronary sinus oxygen difference was 
postulated by a displacement of the oxygen dissociation curve associated 


with a lower pH. 
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Je désire participer 4 un programme de conditionnement physi- 
que durant six (6) mois environ & raison de 3 sessions ou plus par semai- 


ne. 


Le but de ce traitement est d'améliorer ma tolérance 3 1'effort 
et s'il y a lieu, de diminuer ]'intensité et la Fréquence de Ja douleur a 


la poitrine. 


Afin de prescrire les activités adéquates et d'évaluer 1'effi- 
cacité de ce programme, diverses é6preuves d'effort sur bicyclette ergomé- 
trique seront effectuées avant et aprés le programme. Au cours de ces 
€preuves, |'intensité de l'effort sera augmentée graduellement jusqu'a ce 
que la fatique, 1|'essoufflement, la douleur & la poitrine ou d'autres 


Symptémes m'indiquent d'arréter. 


L'effort pourrait étre effectué 1) par les bras ou par les jam- 
bes, 2) précédé par un petit prélévement du muscle par aiguille et 3) ef- 
fectué aprés la mise en place d'un cathéter dans le coeur droit et une ai- 


guille dans une artére du bras. 


I] existe une possibilité que certains changements surviennent 
pendant ces 6preuves ou lors des exercices du programme. Par exemple, 
une pression artérielle anormale, un étourdissement, les battements irré- 
guliers du coeur, et trés rarement (moins gu'une fois sur mille) une crise 
cardiaque. 

Le risque de ces changements est minimisé par les examens pré- 
liminaires, les observations pendant, et la surveillance d'un médecin lors 
des 6preuves d'effort et les exercices du programme. Le personnel entrainé 
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La confidentialité des renseignements obtenus sera assurée 
et le dossier de chaque individu ne sera accessible qu'au personnel de 


recherche. 
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APPENDIX C 


EXAMPLE OF CALIBRATION CURVE 
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APPENDIX D 


STANDARD ERROR OF MEASUREMENT (SEM) 


AND ERROR IN % (E) OF CSBF, 


LA, pH, PO, AND PCO 


ts 2 


DETERMINATIONS 
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SEM AND E OF CSBF’ DETERMINATIONS (ml/min) 


Number of pair $ 
measurements a Mo 
pra ee a 

] 139 145 
2 145 147 
S| 167 162 
4 ios 149 
5 167 162 
6 116 136 
if 105 Lie 
8 250 192 
9 119 ay: 
10 i123 125 
11 187 178 
12 198 212 
13 156 136 
14 197 225 
15 269 Zi 
16 135 129 
td aia 128 
18 174 174 
19 134 142 
20 120 128 
4 158 17 
rp 45 38 

SEM = 13.6 ml 


E= 8.6% 


+ Duplicate determinations taken at same PRP (+1 X 1073) 


= My = first measure; Mo = second measure. 
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Sample! ce; PCO, 0, 
numper M, SF M M, Mo M 
1 7.582 7.589 29.4 29.3 131.4 129 
2 7.409 7 423 40.8 40.3 ilpes 69 
3 7.495 7.487 22.8 24.3 17350 173 
4 7.444 7.450 38.0 36.4 191.7 192 
5 7.389 1.387 38.1 38.3 89.2 9] 
6 7.457 7.453 a 42.4 147.8 145 
7 7.523 7.526 eel BOS 202.8 199 
8 7.524 7.522 26.7 26.6 200.8 196 
9 7.159 7.150 1567 77.6 294.5 312 
10 TeATT 7.475 230 23.0 109.5 108 
1 7.415 7.415 32.0 32.0 141.7 143 
12 7.483 7.474 Was a9 165.2 163 
13 7.482 7.480 Oe B226 Osa 202 
14 7.205 7.202 68.5 67.8 89.8 90 
15 7.496 7.493 32.8 339) 146.9 149 
16 7243) 7.429 36.6 3720 43.2 53 
B 7.405 7.297 41.5 AG 103.8 104 
18 7.438 7.445 25-3 35.6 11655 116 
19 7.392 7.390 35.8 36.5 96.3 94 
20 7.444 7.445 42.4 42.6 ores 101 
me 7.433 7.432 38.0 38.1 140.9 141. 
SD. 0.099 0.101 13-3 ia 58.8 60.¢ 
SEM 0.004 0.45 Bale 
E Ge 1.22 212% 
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+ Blood samples obtained in our laboratory. 


+ Duplicate determinations; M, = first measure; Mo = second measure. 
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a) ONE WAY ANALYSIS OF VARIANCE WITH REPEATED MEASURES FOR MAXIMUM TIME 
(min) DURING MULTI-STAGES BICYCLE ERGOMETER TEST 


Summary Table: 


Ta eg ae nc a Sn TLS Serer 


Source SS DF MS 7 
I 
Between S's 526.24 10 
Within S's 328.00 Le 

Treatment 201.88 2 100.94 26 sO 
Error b26 12 20 6531 
Total 854.24 oe 


sn op ot DE ae ae Sees eee sei co oS ee ge i ek 
ee F209 (2,20) = 5.85 


b) NEWMAN-KEULS COMPARISON BETWEEN ORDERED MEANS FOR MAXIMUM TIME (min) 
DURING MULTI-STAGES BICYCLE ERGOMETER TEST 
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Ordered means 14 14 10 
10 aks Ax - 
14 0 z 
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foot aniricanu at a. 05 Critical values=agr VMS error/N 
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c) ONE WAY ANALYSIS OF VARIANCE FOR MAXIMUM PRP (X 1073) DURING MULTI- 
STAGES BICYCLE ERGOMETER TEST 


Summary Table: 


Source SS DF MS F 


Between S's 526.56 10 
Within S's 763.88 22 

Treatment 164. 36 Ze 82.18 6.93** 
Error QS PESL 20 Ve 37 

Total 928.23 32 


cl F.gg (2,20) = 5.85 


d) NEWMAN-KEULS COMPARISON BETWEEN ORDERED MEANS FOR MAXIMUM PRP (X 1073) 
DURING MULTI-STAGES BICYCLE ERGOMETER TEST 


ee 


Ordered means 30.0 Cole 24.6 
24.6 Bhar ci - 
fh leet 340% - 
30.0 - 
Ri oigniiacant at a.05 Critical values=agr VMS error/N 


ee Significant at «.0] 
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e) ONE WAY ANALYSIS OF VARIANCE FOR MAXIMUM WORKLOAD (kgm/min) DURING 
MULTI-STAGES BICYCLE ERGOMETER TEST 


Summary Table: 


a le et ep ee 


Source SS DF MS Ss 
“Sm  me e ee eree 
Between S's 780,371.80 10 
Within S's 454,066.67 22 

Treatment 259,528.79 2 129,764.39 13.34** 
Error 194,537.88 20 9,726.89 
Total 1,234,437 .88 32 


am ee ea ee eee 


Pek go 12,20) = 5.185 


f) NEWMAN-KEULS COMPARISON BETWEEN ORDERED MEANS FOR MAXIMUM WORKLOAD 
(kgm/min) DURING MULTI-STAGES BICYCLE ERGOMETER TEST 
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Ordered means 775 688 559 
559 216** 129** - 
688 87 
775 
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g) ONE WAY ANALYSIS OF VARIANCE WITH REPEATED MEASURES FOR MAXIMUM HR 
(beats/min) DURING MULTI-STAGES BICYCLE ERGOMETER TEST 


Summary Table: 


aa ae 


Source $5 DF MS Z 
aaa nee 
Between S's 5 022. 24 10 
Within S's 2,838.66 22 

Treatment 1,286.36 2 643.18 8.29%** 
Error 1,552.30 20 77.61 
Total 7,860.91 32 
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PF ab-99 €2520) = 95.85 


h) NEWMAN-KEULS COMPARISON BETWEEN ORDERED MEANS FOR MAXIMUM HR (beats/ 
min) DURING MULTI-STAGES BICYCLE ERGOMETER TEST 
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Ordered means 145 133 130 
130 15** 3 - 
oS 12** - 

145 - 


eS Significant at a.01 Critical values=agr VMS error/N 
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i) ONE WAY ANALYSIS OF VARIANCE WITH REPEATED MEASURES FOR MAXIMUM BPs 
(mmHg) DURING MULTI-STAGES BICYCLE ERGOMETER TEST 


Summary Table: 


Sa a =n 


Source SS DF MS 2 
et 
Between S's 13,358.30 10 
Mathie S's 53 973.30 1s 

Treatment 4,934.06 2 519.64 cae ee 
Error 1,039.27 20 246.7 
Total 19,331.64 32 


fon (2.20) = 3.49 
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APPENDIX G 


INDIVIDUAL ANTHROPOMETRIC, HEMODYNAMIC AND 
HEMATOLOGIC DATA USED IN COMPUTATIONAL 
STATISTIC FOR THE EFFECTS TRAINING IN THE 


FQUR EXPERIMENTAL CONDITIONS 
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Anthropometric and respiratory functions data 


a5. ee ee 


Weight VC FEV] FEV, /CV mot 4 
Patient ' skinfold 
(kg) (liter) (liter) (%) thickness 
(mm) 
ee oe ee eS See 
GB I 64.2 4.2 a> 76.2 59.5 
II 65.4 4.5 3.6 85.7 - 
LB I 76.4 4.0 3.6 90.0 71.5 
II 78.0 4.3 3.7 86.0 62.0 
HD I 66.0 - : = 61.5 
be 66.2 - - - 58.0 
RF I 79.0 3.4 3.0 88.2 68.5 
II 787 3.5 a0 88.6 60.5 
PG I 66.5 4.9 4.4 89.8 40.0 
II 65.1 5.1 4.5 88.2 38.5 
te I 75.1 3.6 3.2 88.9 73.6 
II 72.5 3.5 2-2 91.4 54.0 
at I 63.5 3.6 2.6 72.2 20.0 
i 60.5 3.6 26 ies 2] 
GL I 82.4 3.5 2.6 74.3 90 
II 79.0 - - - 64.9 
LG I 56.5 4.8 3.0 62.5 22.5 
II 57.0 4.5 2.9 64.4 24 
LR I 58.0 4.3 Sey 86.0 20.5 
II 60.5 gee 3.9 90.7 26.0 
cs I 66.0 he 3.8 92.7 32.0 
II 66.0 4.0 BU 92.5 36.0 
MV I 69.0 - - - 54.0 
II 71.0 - - a 94.0 
x I 68.0 4.1 3.4 82.9 50.4 
Sey II 8.0 0.5 0.5 10.3 247 
x I 68.0 4.1 3.5 84.4 45.4 
S.ps II 120 0.5 0.6 9.6 10.6 
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APPENDIX H 


CODE SHEET AND INDIVIDUAL DATA USED 
IN COMPUTING CORRELATION 
COEFFICIENTS BEFORE AND 
AFTER TRAINING 
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Variable 


Levels of work 
(kgm/min) 


HR (pressure) 
(beats/min) 


HR (therm) 
(beats/min) 


BPs 
(mmHg) 


BPd 
(mmHg ) 


CODE SHEET 


Condition 
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exercise 
exercise 
exercise 
exercise 
exercise 
max CSBF 
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exercise 
exercise 


exercise : 


exercise 
exercise 
max CSBF 
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exercise 
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exercise 
max CSBF 
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exercise 
exercise 
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Variable 


BPm (pressure) 


(mmHg ) 


BPm (therm) 


(mmHg ) 


mean BPs 
(mmHg) 


SEP /beat 
(sec) 


CODE SHEET (Continued) 


Condition 


rest 

exercise 
exercise 
exercise 
exercise 
exercise 
max CSBF 


rest 

exercise 
exercise 
exercise 
exercise 
exercise 
max CSBF 


rest 

exercise 
exercise 
exercise 
exercise 
exercise 
max CSBF 


rest 

exercise 
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Variable 


PRP 


——— 


RP (pressure) 
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(therm) 
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Condition 
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max CSBF 
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240 
24] 
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Variable 


CoBr 
(ml/min) 


CVR 
(mmHg/(m1/min) 


art-cs0,, 
(m1/100 m1) 
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' digit 99.99 has been used to indicate no data. 
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